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EXECUTIVE SUMMARY 

The Plan for Prevention of Contaminant Dispersion (PPCD) is a "primary document" 

specified under the Interagency Agreement (IAG) between the Environmental Protection 

Agency (EPA), the Colorado Department of Health (CDH), and the Department of Energy 

(DOE) Rocky Flats Operations. 

The technical scope of work as presented in the IAG has two primary functions: (1) 

The PPCD shall provide a management plan to prevent airborne transport of hazardous or 

dangerous materials; and (2) The PPCD shall include a proposal to evaluate the potential for 

and risk of windblown contaminants from the Rocky Flats Plant (RFP). The management 

plan includes specific procedures interfaced in the Interim Plan for Prevention of 

Contaminant Dispersion (IPPCDI) which has been included in Appendix 8, and an 

organizational description and identification of responsibility. 

The applicability of the PPCD to intrusive field activities conducted as part of a Resource 

Conservation and Recovery Act (RCRA) Facility Investigation/Remedial Investigation 

(RFURI) or Interim Measures/Interim Remedial Action (IM/IRA) consists of four key 

decision process components: (1) establishment of soil threshold levels, (2) 

assessment/selection of preventive measures, (3) establishment of a monitoring plan, and (4) 

development of an implementation plan. 

The PPCD presents criteria for designating intrusive RFI/RI or IM/IRA activities at site 

locations as Stage 1 or Stage 2. Risk-based soil thresholds for contaminants are derived as a 

function of activity, the number of simultaneous intrusive activities to be conducted and 

distance from the site boundary. The application of these soil thresholds is based on public 

protection criteria; however, implementation of the required control measures and airborne 

monitoring will ensure that the workers are protected as well. 

... 
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Activities conducted under Stage 1 are performed at site locations which have soil data 

indicating contaminant concentrations do not exceed the established soil thresholds. The 

Stage 1 contaminant dispersion control measures will include the following: establishing 

wind speed thresholds, water spray soil applications, waste pile covering, and general 

administrative control measures such as vehicular speed limitations. The effectiveness of 

such controls will be measured by occupational health and safety real-time particulate and 

vapor monitors, soil moisture gauges, and anemometers. 

Activities conducted under Stage 2 are performed at locations where RFI/RI intrusive 

activities such as IM/IRAs will require additional preventive measures and airborne 

contaminant monitoring. The Stage 2 dispersion control measures will consist of Stage 1 

methods plus additional suppression techniques such as extensive wetting, wind screens, 

spray curtains or paving. The selection of any particular technique will depend on the 

activity performed and the effectiveness and/or implementability of the technique under 

consideration. In addition to real time monitoring, air sampling provides an integrating 

record of the dust concentrations during the work activities. 

Site-specific implementation plans and monitoring programs will be developed to verify 

proper execution and effectiveness of the control measures applied. Work will cease when 

the monitoring indicates unacceptable airborne concentrations of contaminants. Work will 

only resume these concentrations have been reduced to acceptable levels. 

iv 



1.0 INTRODUCTION 

1.1 Background 

The Rocky Flats Plant (RFP) is a federally owned nuclear weapons research, 

' development, and production complex situated on 6,550 acres of federal property 16 miles 

northwest of downtown Denver, Colorado. The plant is managed and operated by EG&G 

Rocky Flats, Inc. (EG&G), a contractor to the U.S. Department of Energy (DOE). In 

August of 1990, the State of Colorado, the Environmental Protection Agency (EPA), and the 

Colorado Department of Health (CDH) entered an agreement with DOE to ensure thorough 

investigation and appropriate response actions to environmental impacts and to ensure 

compliance with the Resource Conservation and Recovery Act (RCRA) and the Colorado 

Hazardous Waste Act. Under the terms of the Interagency Agreement (IAG), the site is 

broken into 16 operable units (OU) containing 187 individual hazardous substance sites 

(IHSS). Each IHSS has a unique set of contaminants ranging from a single hazardous 

substance to multiple potential contaminants (radionuclides, volatile organics, metals, and 

semivolatiles) . 

The Plan for Prevention of Contaminant Dispersion (PPCD) is a primary document 

mandated by the IAG. The general guidance provided in the IAG led to several draft 

versions of the PPCD. 

The PPCD purpose was clarified to address the wording of the IAG: 

The PPCD shall provide for the management of wastes associated with sites in such 
a manner as to prevent windblowing of hazardous or dangerous materials through 
techniques such as soil cover over hazardous and dangerous materials and/or use of 
appropriate wetting techniques which DOE shall include as part of the Plan, a 
proposal to evaluate the potential for and risk of windblown inorganic, radioactive, 
and organic hazardous constituents released from sites at the Rocky Flats Plant. . . 



The PPCD draft version 1.0 was reviewed by the CDH and the EPA Region VIII. The 

review resulted in a revised approach to develop a more project-specific plan with a defined 

purpose. A working group was formed to provide input into the development of a document 

addressing the intent of the IAG PPCD. The working group consisted of representatives 

from the following organizations: CDH, EPA, DOE, and EG&G. Approximately every 

three to four weeks, meetings were held to discuss the technical approach to fulfilling the 

purpose of the PPCD. 

Upon review of the initial PPCD Draft (Version 2.0) EPA commentors (EPA/CDH 

199 1) recommended the following: 

An acceptable Plan will institute appropriate standards and procedures, establish 
monitoring programs to verify the effectiveness of implementation procedures, 
establish decision processes, and specify actions that will be taken based on those 
decisions. 

The clarification of the PPCD purpose was provided during the working group meetings. 

This plan, addressing the above-stated purpose in an easy-to-follow manner, will ensure that 

the public is protected by a site- and contaminant-specific plan to evaluate and prevent 

unacceptable hazards resulting from windblowing of hazardous or dangerous materials. 

The PPCD has been organized in the following manner: Section 2.0 contains the entire 

plan in three subsections and includes a synopsis of the appendices. Section 2.1 provides the 

specific components of the PPCD. Section 2.2 includes a specific example of how the PPCD 

is intended to work. Section 2.3 describes the administrative responsibilities for executing 

the PPCD. The appendices which follow include the calculations, assumptions, and 

conclusions which contain significant information to support the various aspects of the 

PPCD. The document has been written for the lay public as well as the direct users. 

This document has been developed with concurrance from the CDH/EPA and is 

considered to be a "final PPCD." A final responsiveness summary addressing public 



comments will be developed after the public has had an opportunity to thoroughly evaluate 

and publicly comment as stated in the IAG. The RFP Community Relations Plan will be the 

means for public involvement, awareness and communication regarding the approval and 

implementation of the PPCD. 

1.2 Scope and Application 

The PPCD has been developed to ensure that the public is protected from the potential 

increased health risk associated with inhaling windblown hazardous or dangerous constituents 

from RFP. Several other federally mandated studies involve a similar scope of work; 

however, each study is directed at a specific stage of the RCRA Facility 

Investigation/Remedial Investigation (RFURI) process. The scope of the PPCD is to address 

the potential off-site public health hazards resulting from intrusive actions occurring during 

the RFI/RI and Interim MeasuredInterim Remedial Action (IM/IRA) activities. Protection of 

on-site populations, such as plant site general workers, is addressed under the RFP site-wide 

health and safety (H&S) program. Section 1.2.1 describes the applicability of the PPCD and 

further clarifies the document’s scope. 

1.2.1 PPCD Applicability 

The PPCD is applicable to intrusive field activities conducted as part of a RFI/RI field 

investigation or IM/IRA. The RFI/RI field investigation refers to the RCRA/ Comprehensive 

Environmental Response, Compensation and Liability Act Superfund Amendments 

Reauthorization Act (CERCLA-SARA) investigation, remedial action alternatives assessment, 

and remedial action process. The investigation phase of an RFI/RI includes the test pits and 

drilling phases, etc. This process includes activities such as preparation of workplans and 

health and safety plans, conducting RFI and RI field studies, evaluating potential public and 

environmental health impacts through baseline risk assessments (BRAS), analyzing remedial 

action alternatives through completion of feasibility studies (FS) and corrective measures 

studies, and obtaining a record of decision (ROD), as well as remedial design, remedial 



action (RD/RA) and compliance verification. The RFI/RI phase of this process includes 

activities directed at hazardous waste site investigation. For purposes of the PPCD, IM/IRAs 

are also considered. 

Remedial Investigation/ 
Interim Remedial Actions No Action 

(RIIIRA) Period Period 
1 I 

Table 1 identifies three specific stages of intrusive field activities that could occur during 

the RFI/RI process at RFP. 

that could potentially be exposed to site-related contaminants released during intrusive 

activities. Following is a brief functional description of these stages and populations: 

Table 1 also identifies three populations of human receptors 

Remedial Action 
Period 

Table 1 

Plant Site General 
Workers 

Remedimtion Workers 

Site-Specific H&S Plan Baseline Risk FS Risk 
Assessment Assessment 

Site-Specific H&S Plan Site-Specific H&S Plan FS Risk 
Assessment 

I PPCD 
I Offsite (Public) I FS Risk 

Assessment I Baseline Risk I Assessment 

RI/IRA Period -- During this period of RFI/RI activities, investigation-driven 

intrusive activities are being performed at the site. Such activities include: 

borehole and monitoring well installation and small scale excavation such as test- 

pit installations. Additionally, as indicated above, IM/IRAs may be conducted 

during this period. The latter are expected to result in higher emissions than 

RFI/RI activities. Overall, the emissions generated from the RI/IRA activities at 

the RFP are expected to be relatively small compared to large-scale remediation 

projects. The environmental impacts for these activities are considered minimal. 

No Action Period -- This segment of the RFI/RI process coincides with periods 

when no intrusive field activities are being conducted. Since no intrusive 
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activities are being performed, contaminants are not being released as a result of 

investigation or remediation/IM/IRA activities. 

0 Remedial Action Period -- This period of activity occurs after approval of the 

Proposed Remedial Action Plan and signing of the ROD. The remedial action 

period includes remedial design and remedial actions, and is often characterized 

by large-scale construction, earth-moving, and other heavy mechanized actions 

related to cleanup. Generally, emissions generated as a result of Remedial Action 

Period activities have the potential to be of considerably greater magnitude than 

those associated with the RI/IRA Period. 

Off-Site Public -- This population of potential receptors is the general off-site 

public who could be exposed to emissions from intrusive RFI/RI activities. For 

purposes of this assessment, this population is conservatively assumed to live at 

the RFP site boundary. 

General Plant Workers -- RFP workers involved in production, plant support, and 

any other nonenvironmental restoration job activities are considered general plant 

workers. 

Remediation Workers -- Environmental restoration workers comprise the 

population in this category. This includes workers involved in any stage of the 

environmental restoration program. 

Inspection of Table 1 indicates that the hazards to the three potentially exposed 

populations during the no action stages, with the exception of remediation workers, will be 

evaluated in the BRAs. BRAs are required under the IAG for each OU as part of the RFI/RI 

report. Potential hazards to each of the three potentially exposed populations as a result of 

implementing remedial action alternatives will be evaluated as short term impacts in the 

detailed analysis of alternatives risk assessments in the FS. Guidance requires that short-term 



impacts of remedial action be evaluated as one criterion in the FS (EPA, 1988). The PPCD 

addresses the potential hazards to the site boundary public resulting from intrusive activities 

during the RI/IRA stage. Site-specific Health and Safety Plans (SSHSPs) will address 

potential worker hazards associated with intrusive activities conducted during the RI/IRA 

stage. 

As indicated by Table 1, the hazards to plant site general workers as well as 

remediation workers will be addressed in the individual OU SSHSPs. Note that the PPCD 

and SSHSPs share the issue of worker health and safety. The PPCD draws heavily from the 

SSHSPs in establishing acceptable exposure levels for workers and in the establishment of 

monitoring requirements . 

The following paragraphs have been included to provide a clear explanation of the 

various studies required to evaluate the risk of contaminant wind dispersion. The general 

focus of each study has been presented below. 

1.2.2 Baseline Risk Assessment 

Individual hazardous substance sites at RFP have been grouped into 16 OUs. A BRA 

will be conducted for each OU (IAG 1991) to evaluate the potential threat to the health and 

environment of potential receptors: the plant site general workers and the general public 

during the No Action Period. 

The basic elements of the BRA are data evaluation, exposure assessment, toxicity 

assessment, and risk characterization. During the data evduation phase, available 

information on the hazardous substances located at each OU will be screened to identify 

principal contaminants. The exposure assessment will identify the point of potential contact 

with the principal contaminants and the exposure route at that point. In the toxicity 

assessment stage, the following factors will be considered: the types of adverse health 

effects associated with individual and multiple contaminant exposures; the relationship 
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between the magnitude of exposures and adverse effects; and the related uncertainties. The 

risk characterization will identify the potential exposure to the receptors and evaluate the 

potential effects impacting the off-site public and on-site workers associated with such 

exposures. 

Currently, risk assessments are planned for the 16 OUs under the no action condition. 

The risk from windblown contaminants will be assessed for each OU in accordance with the 

Risk Assessment Guidance for Superfund; Volume 1, Human Health Evaluation Manual (Part 

A). 

1.2.3 Feasibility Studies 

CERCLA requires a remedial investigation and feasibility study for each facility 

included on the National Priorities List. The IAG among EPA, DOE, and the State of 

Colorado established the requirements for the performance of a feasibility study for each OU 

at RFP in order to identify, evaluate, and select alternatives for the appropriate remedial 

action to prevent, mitigate, or abate the release of the principal contaminants. At this time, 

feasibility studies are only beginning to be developed. Much of the necessary data required 

for these studies is generated in the RI phase described in the next section. The feasibility 

study process has four basic components: 

1. Development of alternatives for remediation 

2. Screening of alternatives 

3. Detailed analysis of alternatives 

4. Selection of preferred alternative(s) 

In the analysis of alternatives, each alternative will be individually evaluated to 

determine whether it will adequately protect the health of the identified receptors. The 

alternatives will then be compared using established criteria to select an appropriate remedy. 

One evaluation criterion is short-term effectiveness. Assessment against this criterion 



examines the effectiveness of the alternatives during implementation of the alternative under 

consideration. Factors addressed under this criterion are: protection of the community 

during remedial actions; protection of workers during remedial actions; environmental 

impacts; and time until the remedial action objectives are achieved. This evaluation will 

consider the potential impacts associated with conducting a remedial action program weighing 

the results against the benefits. Each feasibility study will include an evaluation of the 

measures to be taken to protect the public and the surrounding environment from windblown 

hazardous and/or dangerous constituents that may result from remedial actions. The IAG 

instructs the DOE to "prepare RCRA Facility Investigation/Remedial Investigation Reports 

which will include the Baseline Risk Assessment results ... and shall be developed using the 

RCRA Facility Investigation Guidance (Interim Final) , and the Guidance for Conducting 

Remedial Investigations and Feasibility Studies Under CERCLA , Interim Final, October 

1988" (EPA 1988). 

1.2.4 PPCD Implementation 

The PPCD will be applied primarily by the Project Manager (PM) during remedial 

investigations such as monitoring well installations, test pit excavation, and other larger dirt 

moving applications. Along with the PPCD, the PM will use the EPA/CDH approved site- 

wide Standard Operating Procedures (SOPS). The SOPs contain specific procedures for 

general equipment decontamination and many other field operations, groundwater, 

geotechnical surface water, and ecology operations. These are additional procedures that are 

intended to guide the PM. 

Besides guiding field activities, the PPCD outlines the necessary steps which shall be 

taken to "evaluate the potential for and risk of windblown inorganic, radioactive and organic 

hazardous constituents released from sites of the Rocky Flats Plant" (IAG, 1991). The 

PPCD includes specific procedures that 1) establish soil threshold levels, 2) determine the 

dust emission mitigation required when concentrations are in excess of the thresholds (Stage 

2 areas), and 3) establish a monitoring program that will evaluate the effectiveness of dust 



control measures. The Interim Plan for Prevention of Contaminant Dispersion (IPPCD) 

which has been included as Appendix 8, includes some of the specific comments control 

measures that are being followed currently. 

The PPCD uses simple airborne exposure and risk assessment techniques to evaluate 

the effectiveness of dust control measures. An emission model is used to predict the rate at 

which contaminants are released into the air from a source, and a dispersion model predicts 

associated concentrations in air at receptor points. A complete modeling set (see Appendices 

2 through 6) will permit the PM to evaluate the potential for off-site impacts resulting from 

intrusive activities and guide the PM in selection of appropriate dust control measures. 

The PPCD references the most current information in determining the uptake 

concentration of a hazardous substance that would result in an increased lifetime excess 

cancer risk or noncarcinogenic health effects. The methodology for obtaining this 

information and the specific application of how the toxicological data are used is discussed in 

Appendix 1 - Principal Contaminants. 

The application of the PPCD monitoring program coincides with the health and safety 

monitoring program currently being enforced at RFP. The primary purpose of the 

monitoring program is to provide real-time monitoring to verify that emissions resulting from 

intrusive activities are within acceptable guidelines. Figure 1 depicts a flow diagram which 

outlines the key decision making process in executing the PPCD. Activities conducted under 

Stage 1 are those activities performed at site locations which have site data indicating soil 

contaminant concentrations do not exceed the established risk-based soil thresholds. 

Activities conducted under Stage 2 are those activities performed at locations where RFI/RI 

intrusive activities such as IM/IRAs will require additional monitoring surveillance and 

preventive measures. The Stage 1 contaminant dispersion control measures will include the 

following: wind speed measurements, water spray applications, moisture testing, waste pile 

9 
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covering, occupational health and safety monitoring using real-time total suspended 

particulate capabilities, and general administrative control measures such as vehicular speed 

limitations are detailed in the Interim Plan for Prevention of Contaminant Dispersion 

(IPPCD, Appendix 8). The Stage 2 preventive measures consist of Stage 1 methods plus 

additional suppression techniques such as surfactants, enclosures, etc. Each stage has a 

specific monitoring program and implementation plan that verify proper execution. 

Using existing data, the PM will determine if the OU-specific (possibly IHSS-specific) 

contaminant concentration levels in soil are above the derived soil threshold levels. Soil 

threshold levels account for multiple simultaneous emissions (less than 10 intrusive activities) 

and have been calculated based on gaussian plume dispersion (provides the dust concentration 

at the site boundary) and intake factors based on toxicity values obtained from EPA sources. 

Appendix 1 provides a discussion of selection of PCs. Appendix 2 discusses the intrusive 

activities considered. Appendix 3 discusses the dispersion model and the calculation of soil 

threshold levels (summarized in Appendix 5). Appendix 4 discusses the performance criteria 

and intake factors used. 

It is expected that the soil being disturbed by intrusive field activities associated with 

the RFI/RI field investigation or IM/IFL4 normally will have contaminant concentrations 

below the soil thresholds. The PPCD then instructs the PM to implement the intrusive 

activity under Stage 1 monitoring and dust suppression programs. 

The Stage 1 monitoring and dust suppression programs encompass normal day-to-day 

health and safety monitoring requirements. This is supported by the RFP environmental 

restoration SOPS, site-wide H&S plans, OU-specific H&S plans, and the subcontractor site 

H&S plans. Appendix 7-Monitoring discusses the specific procedures and instrumentation 

requirements. To assist the PM in his assessment of the need to implement dust suppression 

techniques, wind speed monitoring (with shutdown criteria 15 or 35 mph, depending on the 

intrusive activity) and occupational real-time air monitoring will be conducted. As a 
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minimum, the following dust suppression techniques will be performed/enforced for those 

activities categorized as Stage 1: 

Soil wetting 

Vehicular traffic restrictions 

Soil covering during non-work periods 

The procedure for application of these measures is listed in the IPPCD (Appendix 8). 

As discussed previously, the IPPCD will serve as interim guidance until the PPCD is 

approved in final form. The lead agency, CDH, has reviewed and approved the IPPCD for 

interim use. 

If soil contaminant concentrations are above the soil threshold concentrations, Stage 2 

becomes applicable. The first step is the evaluation of Stage 2 prevention alternatives. 

Appendix 6 - Dispersion Prevention Techniques provides a detailed comparison of 

alternatives to be considered prior to startup. Stage 2 prevention alternatives provide for 

dust control and contaminant monitoring over and above that normally applied at RFP (Le., 

Stage 1). 

The remedial investigation or interim remedial action activities would begin upon 

completion of the Stage 2 evaluation of dust prevention alternatives. This phase of the Stage 

2 implementation process may take significant setup time and could result in significant 

expenditure of resources. The PM will make the field decision of which alternative will be 

implemented and when it is fully operational before beginning intrusive activities. 

Stage 1 and 2 have specific monitoring requirements to verify acceptable airborne 

contaminant concentration levels both to the on-site workers and the potential off-site 

receptor. Monitoring requirements under Stage 1 incorporates on-site soil moisture, total 

suspended particulate, and organic vapor analysis as deemed appropriate by the site H&S 

officer. The on-site real-time instrumentation will provide the information necessary to 



evaluate the adequacy of Stage 2 prevention measures and to verify that the on-site workers 

are operating under acceptable conditions under Stage 1 .  
I 
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2.0 THE PLAN FOR PREVENTION OF CONTAMINANT DISPERSION 

2.1 Specific Components of the PPCD 

This section of the PPCD will describe how the plan was developed and what 

assumptions were used to evaluate the risk of windblown contaminants. The PPCD was 

organized around four major tasks: 

1. Establish soil threshold levels 

2. Conduct a preventive measures assessment 

3. Establish monitoring requirements 

4. Develop implementation plan 

These tasks were identified through a series of meetings with the EPA/CDH/DOE/ 

EG&G representatives. The technical focus was jointly developed based on comments 

received from earlier PPCD versions and public information needs as witnessed in previous 

public comment periods. The PPCD has been written in a manner that explains the technical 

approach in a concise, easily understood, uniting style. Supporting data is found in a series 

of appendices along with a step-by-step approach to developing each task. 

A brief explanation of the individual task objectives and methodology is discussed in 

the following sections. 

2.1.1 Establish Soil Threshold Levels 

The RFP has a potential for numerous remedial investigation activities occurring at 

the same time with varying emission factors. In order to simplify and ensure PPCD 

application, soil threshold levels have been established for three modeling zones (A, B, and 

C) at RFP (see Drawing 1). An additional modeling zone was chosen for Operable Unit 3 

(OU3) for off-site releases (Drawing 2). OU3 includes IHSSs 199 (contamination of the land 



1 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
1 
I 
I 

surface), 200 (Great Western Reservoir), 201 (Standley Reservoir), and 202 (Mower 

Reservoir). Each area has a number of emission activities at various points within the 

modeling zones. A specific modeling point has been conservatively selected on the wind 

vector having the highest frequency (1990 Rocky Flats wind rose; see Appendix 3) with a 

location in the middle of the zone (Zone A and OU3) or at the boundary nearest to the 

receptor (Zone B and C). Additional conservatism was introduced into the modeling of 

exposure by assuming that human receptors are closer to the emission source than they 

actually are. The modeling zones were designated based on OU-specific workplans and 

remedial investigation schedules. Modeling Zone B contains the majority of remedial 

investigation activities planned over the next five years (IAG scheduled final field activity 

finish, January 1997); Modeling Zone A contains the most acreage and Zone B contains the 

site buildings and perimeter security zone. 

Emission scenarios under the scope of the PPCD were narrowed down to the specific 

activities that may produce appreciable amounts of fugitive dust. Those activities needed to 

be broad-based in order to cover the range of RI and IM/IRA activities proposed over the 

next five years. It has been assumed that during the next five years, most of the RI type 

activity will occur, and the RA stage will become the primary reference for intrusive 

activities in the following five years. 

2.1.1.1 Emmion Scenarios. The following scenarios were used for general 

descriptions of dust producing RFI/RI-type activities (see Appendix 6 for details of each of 

the scenarios described; Appendix 2 introduces emission factor models applied to the 

scenarios) : 

1. Maior Excavations: Activities involving earthmoving activities such as using 

scrapers and backhoes with large buckets. Typically hundreds of cubic yards of 

soil are handled in these types of activities. Example: 881 Hillside Phase 11, B, 

Interim Remedial Action Project. 
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2. 

3. 

4. 

Minor Excavations: Smaller construction projects involving a limited amount of 

soil displacement usually less than fifty cubic yards. Excavation activity typically 

involving a single backhoe digging a small trench. Example: Test Pit 

Installations. 

Drilling Borings typically penetrate approximately 30 feet of vadose zone into 

the groundwater. Hollow-system augering has been proposed as the primary 

drilling method. The emission factor for drilling has been assigned a constant as 

presented in Appendix 2 - Estimation of Emission Rates. 

Vehicular Traffic on UnDaved Roadwavs: The volume of traffic associated with a 
particular RFI/lU activity will vary according to the type of excavation 

performed. Heavy vehicular traffic flow is assumed to be associated with major 

excavations. Light vehicular flow is associated with minor excavations primarily 

due to equipment needs and support team involvement. A sensitivity analysis of 

the vehicular traffic model is presented in Appendix 2, Estimation of Emission 

Rates. 

Other intrusive activities such as trowel sampling, hand augering, or power augering 

have been proposed in RI workplans; however, based upon preliminary computations, the 

scenarios identified above will result in the highest emissions. Appendix 2 provides a 

detailed analysis of the emission rate calculations for each of the scenarios. The references 

for each of the modeling algorithms have been provided as well as the actual formula used. 

2.1.1.2 Step by Step Process Explanation. The establishment of soil thresholds 

was based on the following basic steps: 

1. Identify the principal contaminants (Appendix 1) 

2. Calculate activity-specific emission rates (Appendix 2) 

3. Disperse the contaminant to the site boundary (Appendix 3) 
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4. Calculate the relative intake and resulting risk (Appendix 4) 

5. Establish soil threshold levels based on acceptable risk (Appendix 5) 

Step 1 

Principal contaminants are identified based on site-specific data. Most OUs have 

some borehole data which has been screened using the analyte list in the RFI/RI workplans. 

Additional discussion regarding this development is discussed in Appendix 1. A comparison 

of the site data with the known information pertaining to slope factors for potential 

carcinogens and reference doses for noncarcinogens is then performed. 

SteD 2 

The calculation of activity-specific (e.g., drilling, excavations, etc.) emission rates 

was then derived using EPA fugitive dust emission rates for various construction activities. 

The soil threshold tables listed in Appendix 5 already account for multiple activities 

(typically less than 10) occurring simultaneously. Several conservative assumptions were 

applied in this step. For example, each excavation activity was assumed to occur all day (10 

hour work day) for 365 daydyeax. Several other key assumptions are also listed in 

Appendix 2. 

Step 3 

The dispersion of the contaminant to the RFP property site boundary was conducted 

using Gaussian Plume Dispersion modeling (Turner 1967). Appendix 3 provides a complete 

discussion of the input parameters. The prevailing wind direction as indicated on the 1990 

daytime wind rose was towards the southeast approximately 40 percent of the time. This 

input was utilized as the percent leeward fraction. Dispersion calculations were performed 

for each emission activity within each modeling zone (A,B,C and OU3). All volatile organic 

compounds were assumed to be completely volatilized. 
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Step 4 

Contaminant intake and the resulting potential risk due to the off-site airborne 

transport of hazardous and/or dangerous materials from the RFP were calculated. Several 

conservative assumptions are recommended by the EPA for calculating intake of hazardous 

substances. The basic formulas used to calculate intake were taken from the EPA Risk 

Assessment Guidance for Superfund Sites (EPA 1989). The formulas utilized give breathing 

rates and standard man body weight constants. These factors were used in the spreadsheet 

tables presented in Appendix 3. Additional receptor parameters used to calculate 

contaminant intakes are presented in Table A.4-1 of Appendix 4. Potential carcinogenic and 

noncarcinogenic factors were input into the spreadsheets with the appropriate unit 

conversions. The acceptable upper bound lifetime cancer risk for known or suspected 

carcinogens is 1 x lo4 to 1 x lo6 lifetime excess cancer risk (40 CFR 300). The loe6 risk 

level is used as the "point of departure" for multiple Contaminants at a site or multiple 

pathways of exposure. In addition, assumptions that would err on the side of safety were 

consistently applied. Appendix 4, Risk Calculations, contains additional discussion regarding 

the treatment of parameter uncertainty. 

Step 5 

Soil threshold levels were calculated by setting the acceptable risk value to a 

dosimetric/risk performance objective (see Appendix 5). An assumed soil concentration was 

input into the spreadsheet and resulted in a derived risk to a receptor downwind. The 

performance objective was defined by setting the risk level to 1 x 106 or the hazard index to 

0.1. A soil threshold or concentration was then back-calculated by starting from the target 

(the performance objective) and calculating the source that would lead to this target. This 

figure was then divided by a factor of ten to account for multiplier intrusive activities 

occunng simultaneously. An example of such a back-calculation is provided in Appendix 5. 

The hazard index is defined as the estimated daily intake divided by the reference dose for a 

noncarcinogen assuming a lifetime daily intake. Attachment 1 to Appendix 5 lists soil 
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threshold levels for each contaminant of concern in each modeling zone for each emission 

activity. This table will serve as the primary guidance table for evaluating the Stage I and 

Stage I1 mitigative measure and associated monitoring requirements. 

2.1.2 Preventive Measures Assessment 

The main objective of this section is to identify contaminant dispersion control 

technologies and processes associated with DOE and Superfund facilities and discuss the 

major attributes relative to RFI/RI activity described in previous sections. This section of 

the PPCD is an abstract of Appendix 6, Dispersion Prevention Techniques. The techniques 

developed are based upon the feasibility section of the Guidance for Conducting Remedial 

Investigations and Feasibility Studies under CERCLA (EPA 1988). 

The primary reference used for identifying dust control measures was the Dust 

Control Handbook (EPA, 1985). A two step process consistent with RI/FS guidance was 

used to evaluate the control measures relevant to RFP RFI/RI activities. Step one identified 

suitable technologies. Step two ranked the control measures which are technically feasible 

and implementable to achieve the lowest achievable emission rate. The ranking system was 

based primarily on effectiveness and implementability consistent with the guidance. Cost 

was given a lesser consideration. 

Selecting dust prevention control methods involved considering specific measures to 

prevent the spread of contaminants while conducting RFI/RI activities. A section entitled 

General Control Measures was added to specify what steps will be taken on a routine basis in 

order to ensure the absolute minimal spread of soil contamination. (Refer to Section A.6.2 

in Appendix 6). 

The potential exists that site-specific soil contaminants could be transported from one 

location to another as a result of moving equipment from activity stations. In order to 

prevent such transport of contaminants, decontamination procedures have been developed. 
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They include: SOP 1.3 General Equipment Decontamination, and 1.4 Heavy Equipment 

Decontamination. Additional procedures that will minimize the potential for transportation of 

site-specific contaminants from one activity area to another are identified in Attachment One 

of the IPPCD (See Appendix 8). Included are procedures for handling of decontamination 

and wash waters, handling of drilling fluids and cuttings, and handling of residual samples. 

The evaluation criteria involved a ranking of the control measure implementability 

and efficiency. Specific control measure efficiency ratings were based on fugitive dust 

suppression. The specific relevance to RFP environmental conditions was considered in 

evaluating the implementability of each technique. 

Appendix 6 also provides a brief discussion of the dust producing activities considered 

under the evaluation. Dust control measures were identified for each emission activity. 

2.1.2.1 Major Excavations. For the major excavations, the following dust 

suppression techniques were evaluated: area spray with water, area spray with a water- 

surfactant mixture, chemical dust suppressant, foam, spray curtain, windscreen, and 

containment structures. 

Area spraying with water had a 62-70 percent efficiency for five particulates and was 

determined to be "easily implemented." For these reasons, this method was determined to 

have the highest ranking. The discussion of the other alternatives can be found in Appendix 6. 

2.1.2.2 Minor Excavations. The same control methodologies were evaluated for 

minor excavations producing the same recommendation, area spraying with water. This 

ranking was based on the method being "very effective" and "easily implemented." 

2.1.2.3 Drilling. Drilling activities for test wells or monitoring wells can involve 

the use of various drilling techniques, including those discussed in Section 2.2.1.1 of this 
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document. Dust suppression needs are expected to be minimal and can be handled with 

portable spray units. 

2.1.2.4 Unpaved Roads. Numerous types of surfactants are available for road 

application; however, the introduction of additional chemicals to a Superfund site could 

present additional waste disposal requirements. Spraying with water was specified with 

recommended applications of 0.125 gallons/square yard every 20 minutes (EPA 1985). 

However, the utilization of chemical dust suppressants is recommended when dust produced 

by heavy traffic cannot be controlled by watering. 

2.1.3 Monitoring Requirements 

Appendix 7 - Air Monitoring Requirements, contains a description of the 

instrumentation and methodology used for evaluating the airborne concentrations of 

hazardous and radioactive contaminants. This section summarizes the key elements of the 

Stage 1 and Stage 2 monitoring program. The program covers occupational monitoring 

requirements as well as site boundary perimeter air monitoring practices. 

2.1.3.1 WRI Monitoring Program. The PPCD is broken into two stages (1 and 

2), each stage has similar monitoring needs based on differing soil contaminant concentration 

levels. 

The administrative responsibilities fall primarily on the PM in charge of field 

operations. There are several levels of umbrella-type H&S workplan documentation. Figure 

2 depicts the hierarchy of H&S plans. An increase in detail regarding monitoring 

requirements is inherent throughout the documents. The RFP site-wide H&S Program serves 

as the basis for developing site-specific H&S plans. Guidance documents are provided by 

EG&G to subcontractors in the form of a RFP Health and Safety Program Plan (EG&G 

1990a) and the RFP Health and Safety Plan Workbook (EG&G 1990b). Both of these 

documents have been reviewed by EPA and CDH and the responses to resulting comments 
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FIGURE 2 
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have been submitted to both agencies. In addition to this guidance, EG&G has an SSHSP 

under which the remediation subcontractor develops its own H&S plan, which in turn must 

be approved by the RFP Safety and Hygiene Department. Specific program responsibilities 

will be described in Section 2.4 of this report. 

2.1.3.1.1 Stage 1 Monitoring -- Stage 1 monitoring occurs when the average soil 

contaminant concentrations are less than the soil threshold levels listed in Appendix 5, 

Attachment A S .  1. The primary elements of the Stage 1 monitoring program include: 

Wind speed 

Soil moisture measurements 

Total suspended particulate measurements 

Others as specified by the site-specific H&S plan 

As a minimum requirement for any RFI/RI intrusive activity, wind speed and soil 

moisture tests are evaluated prior to startup'(EG&G Site-wide H&S Workplan). Total 

suspended particulate (TSP) sampling will be conducted under the recommendation of the site 

H&S officer and/or the PM. HNU and OVA meters and other occupational health 

equipment may be used as recommended by the site H&S coordinator. On-site 

documentation requirements include the completion of the PPCD monitoring checklist as 

provided in Appendix 7. 

2.1.3.1.2 Stage 2 Monitoring -- Stage 2 monitoring consists of all elements 

required under Stage 1 but with greater emphasis on frequency and occupational limitations. 

Upwind and downwind TSP measurements can be verified by high volume air sampling to 

demonstrate the effectiveness of the selected mitigative measure. Worker breathing zone 

sampling may also occur to increase surveillance of worker exposure. 

2.1.3.1.3 Work Start/Stop Criteria -- As discussed in Appendix 7, public site 

boundary and worker start/stop criteria have been established. The stop-work order will be 
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given when the real-time instrumentation depicts a reading below the established soil 

moisture, or above wind speed, or TSP contaminant alarm levels which are based on RFP as 

low as reasonably achievable (ALARA) or H&S action levels. The conditions for restart of 

activities are outlined in Section A.7.6 of Appendix 7. 

2.1.3.2 Nonradioactive Ambient Air Monitoring. The nonradioactive ambient air 

monitoring program utilizes high-volume air samplers located at the east entrance to RFP. 

This program has been developed to demonstrate compliance with the Clean Air Act 

Amendments of 1970 and 1977, as defined by the National Ambient Air Quality Standards 

(NAAQS) and Colorado Air Quality Control Commission Ambient Air Standards. The EPA 

Respirable Particulate Standards (issued July 1 ,  1987) address respirable particles, referred to 

as Particulate Matter-10 or PM-10, particles less than or equal to 10 pm. PM-10 samples 

are operated every sixth day in accordance with the EPA reference high-volume air sampling 

method issued October 6 and December 1 ,  1987, (EG&G 1989). 

2.1.3.3 Radioactive Ambient Air Monitoring. The RFP radioactive ambient air 

monitoring program consists of 23 on-site air samplers and 14 perimeter samplers bordering 

the facility. There are also 14 community samplers Iocated throughout the metro area. The 

samplers operate continuously at a volumetric flowrate of approximately 12 liters per second 

collecting air particulates on fiberglass filters (99.97 percent efficient for relevant particle 

sizes). Filters are collected biweekly, composited by location, and analyzed monthly for 

plutonium. (EG&G 1989). 

The nonradioactive and radioactive ambient air monitoring programs will provide 

additional verification of the implementation and effectiveness of the PPCD. Results from 

these programs will be correlated to on-site occupational monitoring data. RFURI fugitive 

dust emissions are expected to be undetectable at the site boundary considering "real-time" or 

instantaneous readout ability of state-of-the-art instrumentation. The ambient air programs 

currently utilize laboratory analysis which requires lengthy turnaround times. The PPCD 
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monitoring plan will focus on real- time instrumentation and contaminant-specific detection 

limitations. 

2.1.4 Implementation Plan 

This section will describe how the PPCD will be implemented including guidance 

from existing SOPs and the IPPCD. This implementation plan has been developed to lay out 

the step-by-step process necessary to fulfill the purpose of the PPCD. 

A simplified flow chart of the major steps required to implement the PPCD is given 

in Figure 3. The following steps will utilize the soil contaminant threshold limits derived in 

previous sections. The soil threshold table listed as Attachment A.5-1 in Appendix 5 ,  is the 

primary reference on which to base the Stage 1 and Stage 2 decisions. 

2.1.4.1 PPCD Step-by-step Breakdown. 

Step 1 

The PM conducts a pre-startup activity review meeting to evaluate the potential for 

particulate emissions potentially containing hazardous substances associated with planned 

activities. Other key individuals such as the activity field supervisor and the subcontractor 

H&S representatives are present to provide input. The Radiological/H&S Work Permit (RFP 

Health and Safety Procedure 6.05) and an Excavation Permit (RFP HSP 6.01) are completed 

at this time. Appendix 8, IPPCD lists the relevant SOPs which will also be discussed during 

the pre-startup meeting. 
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The RFI/RI workplan is also reviewed to verify inclusion of the following startup 

prerequisites: 

Equipment is available to evaluate the wind speed. The latter must be below 

15 mph or 35 mph, depending on the type of earth moving (Le., backhoe digging, 

borehole drilling, surface scraping with backhoe bucket) or other dust-generating 

operations. Sustained winds above 15 mph (2-15 min. periods) for construction- 

related excavation and/or sustained winds above 35 mph for drilling and related 

investigation activities will regain a shutdown of activities. Wind-speed shutdown 

criteria and responsible individuals will be identified within documents located in 

the project files. 

Equipment is available to evaluate soil moisture which must be above 15 percent 

(or the extent practicable) prior to startup of intrusive activities. 

Monitoring equipment capable of detecting the TSP occupation trigger level and 

off-site public shutdown criteria shall be available with supporting operational 

procedures and qualified operators. Additional instrumentation may include: 

piezobalances, miniRams, laser particle counters, "U, OVA, and various 

portable radiation detection equipment and H&S equipment as deemed necessary 

by the site H&S coordinator. 

If some of these prerequisites cannot be met, work will not begin until the work plan 

is amended (with justifications) and approved. 

Step 2 

The PM should consider the extent and applicability of the site characterization data. 

A preliminary data collection activity may be indicated if site characterization data are not 

adequate to make a reasonable hazard evaluation. Available site-specific (OU, IHSS, etc.) 



soil analytical data are reviewed. An OU may contain multiple IHSS, and the extent of site 

characterization data may be variable in terms of completeness and quality. This step 

involves comparing site-specific soil contaminant concentrations to those presented in the soil 

threshold summary tables (Appendix 5, Attachment A.5-1). The RFI/RI activities (drilling, 

excavation, etc.) are selected from the table and correlated to the known contaminants. The 

most stringent soil threshold is then selected and used for the comparison. 

The decision is then made as to whether the activity will require Stage 1 or Stage 2 

monitoring (see Appendix 7). If the activity is determined to be Stage 2, additional 

assessment will be required to select the appropriate contaminant dispersion control 

techniques and monitoring requirements. Each emission activity will be reviewed to select 

the appropriate preventive measure. Appendix 6 Table A.6-3 has summarized the most 

appropriate technique with rankings. The preventive measure is selected and implemented 

under the supervision of the PM. The PM will then inspect the operation and make 

adjustments as deemed necessary. 

Step 3 

Stage 1 or Stage 2 monitoring requirements are identified based on the evaluation in 

Step 2. The site-specific H&S coordinator and the subcontractor H&S liaison meet and 

review the PPCD monitoring plan. Other SOPS may be referenced as they are developed; 

however, the objective of the monitoring program must be fulfilled with supporting 

documentation located in either EG&G's or the subcontractor's project files. The basic 

monitoring and reporting requirements should be reviewed to verify adequate understanding 

and delineation of responsibilities prior to startup. 

Shutdown criteria are established based on the occupational action levels for 

hazardous materials and local air monitoring trigger levels for occupational principal 

contaminants in soils and on off-site risk based exposure criterion. Local air monitoring 

trigger levels for occupational principal contaminants are developed in each individual 



SSHSP. Pu239 is used in this case as an example. The IPPCD (see Appendix 8) states that 

local monitoring of TSP at individual activity worksites shall be conducted using a TSI 

piezobalance Model 3500 aerosol mass monitor real-time instrument (or equivalent). The 

trigger level concentrations were established (PP9 DAC/10) to provide protection for 

workers potentially exposed to plutonium contaminated soil. The derived air concentration 

levels (DOE Order 5480.11) for plutonium will typically be the most restrictive occupational 

exposure level at RFP. 

SteD 4 

Once the RFI/RI activity has begun, the monitoring data are assessed to determine the 

adequacy of the mitigative measure. Stage 1 operations will include using water spray 

applications, verifying soil moisture content, monitoring wind speeds, and incorporating 

general control measures such as limiting vehicle speeds. The real-time monitoring data will 

verify the effectiveness of dust suppression techniques. 

If the TSP results indicate dust-loading concentrations above the occupational action 

levels, intrusive activities will be stopped and reevaluated in terms of precautionary and 

dispersion resumption requirements to protect workers. Similarly, intrusive activities will be 

stopped if the most restrictive principal contaminant shutdown criterion for the off-site public 

is exceeded. In this event, the reevaluation will consider the need to apply a more effective 

dispersion preventive measure. The steps identified in the IPPCD, Section IV, Additional 

Worker Health and Safety Monitoring Requirements by the SSH & SP, will be followed 

prior to the startup of activities. The project files are then updated with the real-time 

monitoring data. 
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2.2 Example PPCD Demonstration - 881 Hillside Monitoring Well Installation 

This section provides an example of how the PPCD will work using actual site data. 

OU1 - 881 Hillside has been selected with monitoring well installation as the potential 

emission activity. 

2.2.1 Rocky Flats Plant Area Location 

The 881 Hillside monitoring well installations and their support activities will occur 

primarily in Zone B at the RFP. This zone has a dispersion distance of 2.9 km based on the 

conservative assumption that the center of activity for this zone falls on its boundary 

intersecting the vector leading to the nearest off-site receptor. This vector represents the 

average wind speed in the most common wind direction at RFP (Appendix 3 attachments). 

2.2.2 Scenario Identification 

Monitoring well installation at the 881 Hillside location will, in general, involve the 

following activities: 

Hollow-stem auguring by a drill rig. Typical well dimensions are assumed to be 

0.2 m (8 in.) diameter by 9 m (30 ft) deep. 

Traffic over unpaved roads, assumed to be 10 vehicle kilometers per 10-hour 

work period. 

In predicting emission rates associated with the above activities, it is assumed that the 

duration of the activity (installation of 1 well) will be 10 hours. This assumption enables the 

emission factors for the activities, in units of kg of soil emitted/well drilled and kg of soil 

emitted/vehicle kilometer traveled (VKT), to be translated to a rate having units of 

mass/ time. 
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2.2.3 Emission Rate Estimation 

The following models were used to predict particulate emission factors for the 

aforementioned activities (Tistinic, 1984). 

Well Drilling 

Emission Factor = 0.25 kg/well 

Vehicle Traffic 

Emission (kg/VKT) = K (1.7) (s/12) (S/48) (W/2.7)0.7 (w/~)O.~ (365-p)/365 

K = aerodynamic particle size multiplier (0.45) 
s = silt content of road surface material (%) 
S = mean vehicle speed (lun/hr) 
W = 
w =  mean number of wheels 
p = 

mean vehicle weight (Mg) 

number of days with at least 0.254 mm of precipitation per year. 

These models were obtained from a memorandum through the CDH, Air Pollution 

Control Division prepared by Mr. Tom Tistinic, a public health engineer. The memorandum 

addresses fugitive particulate emissions through a compilation of emission factors 

recommended for use in estimating emissions from mining activities. The content of the 

memorandum was derived primarily from the EPA's Compilation of Air Pollutant Emission 

Factors (AP-42). Recent discussions with the Colorado Department of Health have 

confirmed the agency's preference for using the models presented in the memorandum. 

Appendix 2 of this report provides a detailed discussion on the applicability of the 

models to the activities expected to occur at the RFP. 
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2.2.4 Identification of Principal Contaminants (OU Specific Data) 

The initial screening for principal contaminants at RFP is discussed in Appendix 1. 

Specific soil action level concentrations were determined for the principal contaminants (PCs) 

included in Table 2.3.1. The table is divided into radionuclides, non-radionuclides (solids), 

and volatile organic compounds (VOCs) and semi-VOCs. Slope factors and reference doses 

(RfDs) are also shown where applicable. Note that additional discussion including slope 

factors and RfDs is in Appendix 4. 

2.2.5 Soil Threshold Selection Process 

The 88 1 Hillside contaminants were identified using site-specific characterization data. 

The resulting compilation (Step I11 as shown in Figure 2) is a site-specific identification of 

the principal contaminants for the purpose of implementing the PPCD. The Phase I11 list is 

based on the positive identification of contaminants and their corresponding 

concentrations from OU-specific sampling and analysis efforts. The aforementioned 

selection process is detailed further in Appendix 1. . 

A "List 111" compilation of the PCs for the 881 Hillside Area is presented in Table 

2.3.2. The PCs are listed with their highest observed and their average soil concentrations. 

2.2.6 Soil Data Comparison with Threshold Levels 

Table 2.3.3 compares existing concentrations of PCs along with the calculated 

threshold levels for well installation and support vehicle traffic in the 881 Hillside Area. The 

action levels come from the spreadsheets for these activities (see Attachment A.3.4). This 

comparison demonstrates that none of the PCs exceed threshold levels. Therefore, this 

activity is considered to be under Stage 1 monitoring requirements. 
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Table 2.3.1 
Phase I1 Listing of RFP Potential Contaminants 

with Established Slope Factors and Reference Concentrations 

L.E.C.R 
Slope Factors 

rimcipal Comtarimamts (PCs) 

ranium 233 & 234 
lranium 235 
ranium 238 
mericium 241 
lutonium 239 & 240 
ritium 
trontium 89 
trontium 90 
'esium 137 
.adium 226 
.adium 228 

rrsenic 
larium 
leryllium 
:admiurn 
:hromiuoa 111 
:hromium VI 
danpnese 
dercury 
Iexachlorocyclohexane (alpha) 
Iexachlorocyclohexane (beta) 
Ieptachlor 
Ieptachlor Epoxide 
mrin 
)ieldrin 
)DT 
Mordane (alpha, gamma) 
roxaphene 

:hloroform 
,1,1 -Trichloroethane 
:arbon Tetrachloride 
3enzene 
roluene 
>ichloro methane 
C ylenes 
vlEK 
L,2- Dichloroethane 
3romomethane 
Zarbon Disulfide 
1,l -Dichloroethene 
1,l -Dichloroethane 
Vinyl Acetate 
1,3 - Dichloropropene 
1,1,2-Trichloroethane 
Bromoform 
retrachloroethene 
Zhlorobenzene 
Ethylbenzene 
Styrene 
Vinyl Chloride 
1,2- Dichloroethane 
1,2- Dichloropropane 
1,1,2,2-Tetrachloroethane 
2 -Chloroethyl Ether 
1.4 -Dichlorobenzene 
1,2 - Dichlorobenzene 
Nitrobenzene 
Hexachloroethane 
1,2,4-Trichlorobenzene 
Hexachlorobutadiene 

- 

VOCsdrSLIi VOCL - 

- 
2.70E-08 
2.50E-08 
2.40E -08 
4.00E-08 
4.10E-08 
7.80E- 14 
2.90E-12 
5.60E- 11 
4.90E-11 
3.00E-09 
6.50E-10 

5.00E+ 01 
dav) -1 

4.10E+00 

6.30E+00 
1.80E+00 
4.50E+00 
9.10E + 00 
1.70E + 01 
1.60E+ 00 
3.40E-01 
1.30E+00 
l.lOE+OO 

8.10E-02 

1.30E-01 
3.OOE -02 

2.00E-03 

9.10E-02 

1.20E + 00 

1.30E - 01 
5.70E-02 
3.90E-03 
1.80E-03 

2.00E-03 
2.90E -02 
9.10E-02 
1.30E - 01 
2.00E -01 
l . l O E + O O  

1.40E -02 

7.80E - 02 

Hexachlorocyclopentadiene 

Hexachlorobenzene 
2,4,6 - TI icbloro phenol l.lOE-02 

1.60E+ 00 

HI 
Inh. RR: 

tJUlku2 

iJn!&aa 

1.00E-03 

5.70E-06 
5.70E-06 
1.14E-04 
8.60E -05 
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TABLE 2.3.2 
SOIL PRINCIPAL CONTAMINANTS 

OU1 - 881 HILLSIDE AREA 

Contaminant 
Observed Highest Average 

Concentration Concentration 

Dichloromethane 
2-Butanone (MEK) 
1 , 1 , 1- Trichloroethane 
Tetrachlomethene 
1,2-Dichlomethane 
Bromometbane 
Toluene 

Arsenic 
Barium 
Beryllium 
Cadmium 
Chromium (total) 
Manganese 
Mercury 

Uranium 233, 234 
Uranium 238 
Strontium 89,90 
Plutonium 239, 240 
Americium 241 
Cesium 137 
Tritium 
Radium 226 
Radium 228 
Uranium 235 

0.030 pg/g 
0.071 pg/g 

No data 
No data 
No data 
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TABLE2.3.3 
COMPARISON OF MEASURED SOIL CONCENTRATIONS TO THRESHOLD LEVELS 

Contaminant 
Observed Highest Average Soil Threshold Levels 

Concentration Concentration Well Drilling 

Dichloromethane 
2-Butanone WEK) 
1,1, I-Trichlomthane 
Tetrachlomethene 
1,2-Dichlomethane 
Bromomethane 
Toluene 

0.047 pglg 
0.099 pglg 
0.030 pglg 
0.071 pglg 

0.006 m l g  
0.015 pglg 

8.7 Pglg 
120 Pdg 
0.9 I.Lg/g 
3.0 P g k  
12 P g k  

191 pglg 
0.30 pglg 

0.96 pCilg 
0.89 pCi1g 
0.25 pCilg 
0.04 pCi1g 
0.02 pCi1g 
0.27 pCilg 
0.16 pCi1g 
No data 
No data 
No data 

0.009 w l g  

Arsenic 
Barium 
Beryllium 
Cadmium 
Chromium (total) 
Manganese 
Mercury 

147,000 pglg 
1,900,000 pglg 
6,320,000 p g k  

164,000 m l g  

42,100 pglg 
3,240 pgig 

1,260,000 pglg 

10,000 pglg 
3,570,000 p g k  

59,500 Pglg 
81,900 pglg 
20,400 pglg 

407,000 pglg 
307,000 pglg 

104,000 pCi1g 
116,000 pCi1g 

49,900,000 pCilg 
68,200 pCilg 
69,900 pCi1g 

57,000,000 pCilg 
35,800,000,000pCilg 

932,000 pCilg 
4,300,000 pCi1g 

112,000 pCilg 

~~~ ~- 

Uranium 233,234 
Uranium 238 
Strontium 89,90 
Plutonium 239, 240 
Americium 241 
Cesium 137 
Tritium 
Radium 226 
Radium 228 
Uranium 235 

0.590 pglg 
0.390 pglg 

0.190 pglg 
0.11Opglg 

0.010 pglg 
0.006 Pdg 
0.025 pglg 

24 Icg/g 
810 Irgk 
1.9 P g k  
6-6 P g k  
28 d g  

563 pglg 
2.07 pglg 

1.7 pCilg 
1.9 pCilg 
1.9 pCilg 
4.5 pCilg 

0.15 pCi1g 
2.6 pCilg 

0.73 pCi1g 
No data 
No data 
No data 

Soil Threshold Levels 
Vehicle Traffic 

NIA 
NIA 
NIA 
N/A 
NIA 
NIA 
NIA 

267 d g  
95,200 p g k  

1,590 p g k  
2,180 p g k  

543 P g k  
10,900 Icglg 
8,190 p g k  

2,760 pCi1g 
3,110 pCi1g 

1,330,000 pCilg 
1,820 pCilg 
1,860 pCi1g 

1,520,000 pCilg 
955,000,OOOpCilg 

24,800 pCilg 
115,000 pCi1g 

2,980 pCilg 

2.2.7 Mitigation Measure Identification 

As shown in Table 2.3.3, known concentrations for each of the PCs do not exceed the 

action levels. Therefore, Stage 1 mitigation measures are sufficient for both well drilling and 

vehicle traffic. Stage 1 mitigative measures include wind-speed measurements, soil moisture 

testing, TSP real-time measurements, and unpaved-road wetting applications. 

2.2.8 Monitoring Program Initiation 

Monitoring requirements for the well installation activities of the 881 Hillside Area 

are discussed in Appendix 7. These activities will require Stage 1 monitoring which includes 

implementing air monitoring procedures in the vicinity of the work area to provide assurance 

that off-site releases are kept within the limits imposed by the risk analysis (Appendix 4). 

Both real-time and cumulative (integrating) concentrations of contaminants in air will be 

measured. Appropriate air sampling and monitoring instruments will be selected, depending 

on the types of contaminants that are present or suspected to be present at the site. 



The IPPCD (Appendix 8) describes monitoring requirements and specifies 

occupational action levels. The IPPCD has been reviewed by EPAKDH and will act as the 

SOP until other procedures are developed. 

2.2.9 Documentation Requirements 

The PM will ensure that requirements of the air sampling and monitoring plan are 

followed at the work site. The implementation of air monitoring requirements will be 

structured in a manner similar to the action checklist included in Attachment A.7-1 to 

Appendix 7. This checklist includes but is not limited to: 

Identification of potential dust-generating activities 

Determination of contaminant concentrations in the soil 

Determination of Stage 1 or 2 work area and control measures required 

Selection of windspeed and soil moisture thresholds 

Selection of monitoring and sampling equipment 

Calculation of action levels 

Placement of monitoring and sampling equipment 

Adherence to the specific SOP for well installation will supplement worker protection 

measures in the SSHSP. 

2.3 Administrative Procedure for the EG&G Project Manager 

This section outlines the administrative procedures to be followed by the PM when 

conducting activities that are within the scope of the PPCD. An example organization chart 

is shown in Figure 4. It specifies the responsibilities and the authorities of key EG&G and 
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contractor personnel involved in the supervision of activities and remedial action sites, 

describes the process to be used to resolve issues which might arise during operations. 

2.3.1 Key Personnel Position DescriptiodOrganizational Chart 

Environmental ManaPement (EM) DeDartment Director 

The EM Department Director is responsible for overall department activities, 

and 

including the establishment and execution of the quality assurance (QA) program and the 

assignment of an independent Quality Assurance Program Manager (QAPM). 

Remediation Program Manager 

The Remediation Program (RP) Manager implements RP-related construction 

activities, QA project plans, and corrective actions, and provides overall direction and 

guidance to the PM. 

Proiect Manager 

The PM is responsible for all project activities. Specific duties include: monitoring 

health and safety documents, communicating project requirements, and monitoring project 

progress and budget performance. The PM also serves as the liaison to the DOE-Rocky 

Flats Office, EPA, and the CDH. 

Oualitv Assurance Prosram Manager 

The QAPM assures the development, implementation and execution of the QA 

program. 
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Operable Unit Manager 

The Operable Unit Manager ensures that applicable SOP and SOP addenda 

requirements are implemented during field operations. 

f i r  (QAC) 

The QAC coordinates QA Program activities, provides technical support in quality 

affecting activities, and maintains an inventory of division SOPS and quality assurance 

documents. 

Air Programs Representative 

The Air Programs Representative is assigned to the project by Environmental 

Monitoring and Assessment Division. The Air Programs group monitors meteorology and 

air quality of the Environmental Restoration Department. The Air Programs Representative 

is responsible for operation of high-volume air samplers and meteorological monitors. 

Environmental Restoration Health and Safety Officer, (ERHSO) 

The ERHSO assists the PM in implementing the Environmental Restoration (ER) 

Health and Safety Program. Specific responsibilities include: implementation of the technical 

facets of the PPCD such as establishing monitoring criteria and evaluating thresholds; 

ensuring that an SSHSP is written for each OU; ensuring that subcontractors submit site or 

task-specific H&S plans for approval; ensuring that a Site Health and Safety Officer is 

assigned to each OU; and ensuring that adequate safety support and review procedures are 

established so that site personnel are not at risk while working at the site. 
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2.3.2 Quality Assurance/Quality Control 

A QA plan addendum is prepared for each project and is supplemental to the Site- 

Wide QA Project Plan. The assigned Quality Assurance Officer (QAO) approves the plan 

and produces the project quality report. 

The QAO has the following additional responsibilities: 

Reviewing and tracking matters involving nonconformances and those 
requiring corrective action 

Approving nonconformance and corrective action resolutions 

Approving the Response Action Contractors QA plans and procedures 

Supporting the RP Divisions Quality Coordinator as appropriate 

Reporting issues involving matters adverse to quality to the ER Department 
Manager 

Issuing stop-work order in matters adverse to quality 

The QC officer has the following responsibilities: 

Incorporating quality, inspection, and records requirements into EG&G 
internal Phase 1B project-related plans, procedures, and instructions which 
affect quality 

Performing surveillance activities of the work being performed 

Recommending corrective action on matters requiring corrective action 
resolution 

Ensuring the quality records of the project are forwarded to the records file 

Reporting issues involving matters adverse to quality to the RP Division 
Manager 
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Compiling a final Phase 1B Project Quality report to be submitted to the FW 
Division Manager, the ER Department Director, the ER Department QAO, 
and the records file upon completion of the project 

Coordinating quality matters with the ER Department QAO 

2.3.3 Records Management 

Records management personnel shall generate a records index which identifies the 

record type to be produced on the project, the unique identifier, the record retention time, 

and the location of the record within the record system. Records management personnel 

andlor EM Department supervision will classify records as to their retention status (Le., 

lifetime/permanent records, nonpermanent records, and records with limited storage and 

retention requirements). 

Documents and records that relate in any way to the presence of hazardous 

substances, pollutants, or contaminants at the RFP, or to the implementation of the IAG, 

shall be classified as lifetime records to be retained for the life of ER activities, and at a 

minimum will be preserved for 10 years after termination of the IAG. This includes all 

documents identified as being in the possession of the DOE or its divisions, employees, 

agents, accountants, or contractors. After the minimum 10-year period, DOE shall notify the 

EPA and the State of Colorado at least 45 days prior to destruction or disposal of any such 

documents or records. EPA and the State of Colorado will make a determination if  the 

documents should be retained for a longer period of time. 
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CERCLA 
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COC 
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DOE 
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ER 
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FS 
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HE 
HEED 
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HEAST 
HSC 

IAG 
IHSS 
IM 
IPPCD 
IRA 
IRIS 

LECR 
NAAQS 

ACRONYMS 

As Low As Reasonably Achievable 
Air Programs Representative 
Air Quality Criteria Documents 

Baseline Risk Assessment 

Comprehensive Environmental Response, Compensation Liability Act 
Colorado Department of Health 
Comprehensive Environmental Assessment and Response Program 
Contaminant of Concern 

Derived Air Concentration 
Department of Energy 

Environmental Management 
Environmental Monitoring and Assessment Division 
Environmental Restoration 
Environmental Restoration Health & Safety Officer 
Environmental Protection Agency 

Feasibility Study 

Health and Safety 
Health Assessment Document 
Health Effects Assessment 
Health & Environmental Effects Document 
Health & Environmental Effects Profile 
Health & Safety Procedure 
Health Effects Assessment Summary Tables 
Health and Safety Coordinator 

Interagency Agreement 
Individual Hazardous Substance Site 
Interim Measures 
Interim Plan for Prevention of Contaminant Dispersion 
Interim Remedial Action 
Integrated Risk Information System 

lifetime exposure cancer risk 
National Ambient Air Quality Standard 



APPENDIX 1 

CONTAMINANTS OF CONCERN 



A . l . l  INTRODUCTION 

The contaminants of concern listed in the Plan for Prevention of Contaminant 

Dispersion (PPCD) were identified during a three-phase process (see Figure A. 1 - 1). The 

initial phase developed an appropriate and comprehensive starting point (List I) for 

identifying contaminants of concern. The second phase screened the potential 

contaminants of List I against currently available health effects data. When appropriate 

health effects information existed for a potential contaminant (Le., inhalation slope 

factors and/or reference concentrations), the constituent was carried on to a second list 

(List II). The third phase will condense List I1 by evaluating those constituents against 

operable-unit-specific characterization data. The resulting compilation (List 111) will be 

a site-specific identification of the contaminants of concern for the purpose of 

implementing the PPCD. The third phase, conducted by the Operable Unit (OU) 

Manager, will be based on the positive identification of contaminants and their 

corresponding concentrations from OU-specific sampling and analysis efforts. 

A.1.2 LIST I SELECTION 

The current Rocky Flats analyte list presented in Appendix B of the Ora@ Rocky 

Flats Site- Wide Quality Assurance Project Plan for CERCLA RI/FS and RCRA RFI/CMS 

Activities, (EG&G, 1991) was selected as the starting point for identifying the 

contaminants of concern because it is the most comprehensive and representative list of 

potential environmental contaminants for the RFP. The Appendix B list was based on 

results of investigations conducted for the Comprehensive Environmental Assessment and 

Response Program (CEARP; presently the DOE Environmental Restoration Program) and 

from ongoing negotiations among the DOE, EPA, and the State of Colorado. The 

CEARP Phase I activities (1985-1986) included researching past waste management 

practices, reviewing disposal records, and interviewing Rocky 
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Flats personnel. These activities provided documentation for the DOE CERCLA 

program and for these EPA CERCLA preremedial activities: (1) Federal Facility Site 

Discovery and Identification Findings, (2) Preliminary Assessment, (3) Site Inspection, 

and (4) Hazard Ranking System evaluation. The findings were published in CE4RP 

Phase I, Installation Assessment of Rocky Flats Plant, (DOE, 1986). This investigation 

resulted in a list of potentially contaminated sites and their suspected contaminants. 

These sites and corresponding suspected contaminants are the Solid Waste Management 

Units and Individual Hazardous Substance Sites scheduled for investigation under the 

Interagency Agreement (IAG). 

Other chemical listings, such as the EPA Hazardous Substances List, EPA 

Priority Pollutants list, and EPA’s Contract Laboratory Program Target 

AnalyteKompound List, were eliminated because they lacked the comprehensiveness of 

the Appendix B listing. Although these lists are routinely selected for use in 

characterization efforts, they do not address all  the potential contaminants of concern at 

the RFP. Chemical listings such as RCRA Appendix IX and the ChemRisk Task 1 

Report (ChemRisk, 1991) were eliminated because they lacked the specificity to 

environmental contamination at the Rocky Flats Plant. 

The final consideration for List I selection was data availability since it is a key 

factor in successfully implementing the PPCD. The Appendix B list represents the 

constituents that are currently analyzed for in environmental samples collected at the 

RFP. As a result, informed decisions can be made and implemented based on existing 

environmental characterization data for specific OUs. The Appendix B list (List I) is 

presented in Attachment A. 1.1. 
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List I constituents were evaluated against health risk assessment and regulatory 

data presented in the Integrated Risk Information System (IRIS) and the EPA Health 

Eflects Assessment Swnmary Tables (HEAST). IRIS is updated monthly and presents the 

most current information available to the public from the U.S. Department of Health and 

Human Services (USDHHS). Information on IRIS supersedes all other sources because 

the database contains only those reference concentrations (RfCs) and unit risk factors 

(slope factors) that have been verified by the RfC or CRAVE Workgroups. The data 

from IRIS is also compiled annually and presented in the HEAST. The health effects 

data evaluated for the PPCD were RfCs for toxicity from subchronic and chronic 

inhalation exposure and unit risk values for carcinogenicity based on lifetime inhalation 

exposure. The List I1 chemicals selected during the second phase of evaluation were 

those for which health risk information was verifiable in final drafts of Health Effects 

Assessment documents (HEAs), Health and Environmental Effects Profiles (HEEPs), 

Health and Environmental Effects Documents (HEEDS), Health Assessment Documents 

(HADs), and Air Quality Criteria Documents (AQCDS).' 

Because the purpose of the PPCD is to provide a consistent mechanism for 

assessing the potential for airborne transport of site-specific environmental contaminants 

caused by IAG-related activities (e.g. remedial actions) and to present options for 

controlling such dispersion, the receiving medium has been limited to ambient air and 

the exposure pathway has been limited to inhalation. This approach was agreed upon 

through negotiations among the DOE, EPA, and the State of Colorado. Therefore, the 

List I1 constituent selection process focused on the inhalation exposure pathway and 

'Constituents from List I that did not have published R E S  or unit risk values in the IRIS database or the HEAST 
are undergoing hrther screening. A request for toxicological profiles developed by the Agency for Toxic Substances 
and Disease Registry (ATSDR) through the National Technical Information Service ("IS) was made in an attempt to 
obtain information on the toxicological effects of these constituents. Additionally, EPA's Environmental Criteria and 
Assessment Office (ECAO) has also been contacted as a potential source of information. Therefore, only qualitative 
statements can be made. 
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identifying only those constituents for which accepted inhalation RfCs and unit risk 

factors were available. List 11, Potential Contaminants of Concern, is presented in 

Attachment A. 1.2 along with the pertinent health risk data. 

A.1.3.1 REFERENCE CONCENTRATIONS (RfCs) 

As stated in the HEAST, EPA, 1991, the RfC is an estimate (with uncertainty 

spanning perhaps an order of magnitude) of the daily exposure to the human population 

that is likely to be without an appreciable risk of deleterious effects during a portion of 

the lifetime, in the case of a subchronic RfC, or during the lifetime, in the case of a 

chronic RfC. Subchronic inhalation RfCs were used for the List I1 constituent listing 

based on applicability to the modeling scenario selected for determining risk associated 

with potential contaminant dispersion. Uncertainty factors are factored into the RfC and 

reflect scientific judgement regarding the various types of data used to estimate RfC 

values @PA, 1991). Uncertainty factors can be found in the cited references for List I1 

development. 

Generally, the contributing elements to the uncertainty factor include (1) 

variations in human sensitivity when extrapolating from valid human studies involving 

subchronic or long-term exposure of average healthy subjects, (2) extrapolations from 

long-term animal studies to the case of humans, and (3) expansion from subchronic to 

chronic RfCs. Additionally, a modifying factor may be applied to account for 

professional assessment of uncertainties of the study and database not explicitly addressed 

by uncertainty factors. A subchronic RfC is usually derived, for chemicals in which a 

chronic RfC has been determined. RfC values are also specific for the route of exposure 

(EPA, 1991). 

The RfC is used as a reference point for gauging the potential effects of other 

exposures. Usually, exposures that are less than the RfC are not likely to be associated 

with health risks; however, a clear distinction that would categorize all exposures below 
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the RfC as risk-free and all exposures in excess of the RfC as causing adverse effects 

cannot be made. In addition, RfC values, and particularly those with limitations in the 

quality or quantity of supporting data, are subject to change as additional information 

becomes available (EPA, 199 1). 

A.1.3.2 UNIT RISK FACTORS (SLOPE FACTORS) 

Quantitative carcinogenic risk assessments are performed for chemicals in Groups 

A and B and on a case-by-case basis for chemicals in Group C, as defined below: 

Group A - Human Carcinogen (sufficient evidence of carcinogenicity in 
humans) 

Group B - Probable Human Carcinogen (B1 - limited evidence of 
carcinogenicity in humans; B2 - sufficient evidence of 
carcinogenicity in animals with inadequate or lack of evidence in 
humans) 

Group C - Possible Human Carcinogen (limited evidence of carcinogenicity 
in animals and inadequate or lack of human data) 

Quantitative carcinogenic estimates are specific for the route of exposure. In 

some instances, values for inhalation may have been extrapolated from oral exposure 

values by EPA. 

A.1.4 LIST 111 GENERATION 

It is the OU Manager’s responsibility to conduct the third phase identification of 

OU-specific contaminants of concern by utilizing existing characterization data. This 

phase of the screening process compares the constituents on List I1 against existing 

characterization data to identify positively detected contaminants that are then carried 

over to List 111. List I11 is an OU-specific compilation of contaminants and will be 

utilized for the design and implementation of a plan for the prevention of dispersion of 
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those contaminants. In the event that insufficient data exists for a specific OU, it may 

be necessary to carry all List I1 constituents to List 111. 

A.1.4.1 EXAMPLE LIST III GENERATION - OU 1, 881 HILLSIDE AREA 

Existing characterization data from borehole samples collected at OU1, 881 

Hillside Area, were screened against the potential contaminants of concern identified on 

List 11. The 

contaminants and their highest observed concentrations (disregarding sample depth) and 

average concentrations are presented for use in the design and implementation stages of 

the PPCD. Non-radionuclides are expressed in pglg (ppm) and radionuclides are 

expressed in pCi/g. 

List III for the 881 Hillside Area is presented in Table A.l-1. 

A.1.5 REFERENCES 

EG&G, 1991. Draft Rocky Flats Site-Wide Quality Assurance Project Plan for 
CERCLA/RI/FS and RCRA RFIlCMS Activities. Environmental 
Restoration Program, EG&G Rocky Flats, Inc. March. 

DOE, 1986. CEARP Phase I ,  Initial Assessment of Rocky Flats Plant. 
Department of Energy, April. 

ChemRisk, 1991. ChemRisk Task 1 Report, Identification of Chemicals and 
Radionuclides Used at the Rocky Flats Plant, March. 

EPA, 1991. Health Effects Assessment Summary Tables, OERR 9200.6-303(91- 
l), January. 

USDHHS. Integrated Risk Information System Database. U.S. Department of 
Health and Human Services. 
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TABLE A.l-1 
CONTAMINANTS OF CONCERN 

OU1- 881 HILLSIDE AREA 

Contaminant Observed Highest 
Concent ration 

Arithmatic Mean 
Concentration 

Dichloromethane 
2-Butanone 
1 , 1 , 1-Trichloroethane 
Tetrachloroethene 
1,2-Dichloroethane 
Bromomethane 
Toluene 

Arsenic 
Barium 
Beryllium 
Cadmium 
Chromium (total) 
Manganese 
Mercury 

Uranium 233, 234 
Uranium 238 
Strontium 89,90 
Plutonium 239, 240 
Americium 241 
Cesium 137 
Tritium 
Radium 226 
Radium 228 
Uranium 235 

0.047 pglg 

0.030 pglg 
0.071 pglg 

0.006 pglg 
0.015 pglg 

0.099 pglg 

0.009 pglg 

0.590 pglg 
0.390 pglg 
0.110 pglg 
0.190 pglg 
0.010 pglg 
0.006 pglg 
0.025 pglg 

24 tcgk 
810 Crgk 
1.9 P g k  
6.6 CLgk 
28 CLgk 

563 PCgk 
2.07 pglg 

1 -7 pCi1g 
1.9 pCilg 
1.9 pCi1g 

0.91 pCi1g 
0.15 pCi1g 
2.6 pCilg 

0.73 pCilg 
No data 
No data 
No data 

~~~ 

8.7 CLgk 
120 Clgk 
0.9 Clgk 
3.0 P g k  
12 P g k  

191 Ccgk 
0.30 pglg 

0.96 pCi1g 
0.89 pCilg 
0.25 pCilg 
0.04 pCi1g 
0.02 pCi/g 
0.27 pCi1g 
0.16 pCi1g 

No data 
No data 
No data 

A-1-8 



1 
& 
B 
8 
J 
1 
8 
8 
t 

Attachment A. l . l  

Appendix B, Draft Rocky Flats Site-Wide 

Quality Assurance Project Plan 

for CERCLA RUFS and RCRA RFI/CMS Activities 

Environmental Restoration Program 

March, 1991 



f. 
1 

I 

I 

\., ._. 

1 
t 

3 

ENVIRONMENTAL RESTORATION MaIlUal: QW P 

Page: 1 of 12 
APP B Rev 0,  Draft A Section No. 

Effective Date: Proposed, 0310119 1 

Site-Wide QA Project Plan 

DRAFT 

TITLE: APPENDIX B 

APPENDIX B 

Table B1: Analytical Methods, Detectiorl Lhiits, and 

Data Quality Objectives 



VI Y 

VI 
w 

'5 
s a 

M 

m 
Q 
I: 

d 

Y 

Y 
VI 

-.I 

u 

.- 
Y 

4 

< 
Y 

Q 0) 

L 
4 

3- 

x 

x 

4 



v) 
W > 
F: 

3 0 

E 
z 
=i a 

4 
I- a a 
a 

ui 
t 
E 
=i 
2 0 

5 

E 
E 

E 
a 
5 
2 

Q 
ui 
Q 0 

E 

0 

2 a 

m 
2 a 
U I- 

P 

-1 - 
z :  
\ e  
Q 
W c 

U 
3 

-1 

m s m  
I 
VI 

m m 

-1 a 

x x x  

X x x  

x 

Y 

w 
U .- 
5 
e 

9 

m L 

- 
L 
V 

0 



4 
I- 

a 
2 

a 
a 
a 

2 0 
F 

n 
ui a 
0 

s s s s s s  

-1 
\ m 

o,oc2eIna,InIn 

x x  

, x ~ Y Y - Y ~  I x x x x x x  x 

8 m 

<<<<e< 2 2 2 .I<<<<*<< a . a a ~ ~ n  a . 0 a . a . Q O a . p .  
W Y W W , W  w w w W W W W Y u ) Y u )  

m 

a. W 

u 
v) (II 

u L 
V 

4 .c 

0 i 

u 
VI 

-1 
.- 

e 
U Y  i* 





a 
,/' 

I 

1 
t 

1 
I 
1 

* 
a 



Y 
\ 
P 



X 

X 

a x 

u 
m 
Y 

m 
Y 
\ 

9 

-I 
\ 

3 
9 9 9 9 9  
m v r v r m v r  

0 0 0 0 0  



I 

#- 
n 

I 
! 
1 
I 
1 
c 
1 

8 6 d ~ i 6 d 6 i 6 d ~ d d 6 d 6 d d ~ 6 ~  
w w w w w w w w w w w w w w w w w w w w w w  

9) 
Y 



A 

!! 
+I 

u 
c 

e 
+I 

c 

0 
+I 

x x x  x x x x x  x 

X Y X  x x x x x  x 

X 

x x  

'x -x 'x k 'x 'x 'x -x 'x 'x -x 

? ? ?  
'x 'x 'x 

? ? ? ? ? ? ?  
-x-x-x'x 'X'X-X-X 

s 
t 
m 

v o  

p j  .- 
c a  



W 

5 C  
.4- .- o r  s .- 

U Y 

. .  . 1: I1 * , .. 
C . I L 3 . - N  Fl u 

u 

a 
al 

J 

E 
C 

" 
.- 
.- 
s 

4 

.C 

Y 

10 L 

Y 

. .  
vrd 



I 
1 

' 1- 
8 
I 
8 
t 

v) 
Lu > 
F Y a 

2 

0 

4 a 

4 t a a 
n 
a 
ui 
t 
E 
3 
2 
0 
F k! 
t n 
ui 

2 

0 0 

E 
e 
0 

E 

E 
4 

4 
a 
a 

z 
a a 

2 

LLI 
II 

t 

2 
0 
Y 
a 

i m 
A 
U 
U 

Y 

U 

2 
5 

m < 

s 

. d G  

.- 
Y 
U 
Y 

. u m c a  
o c a  
a L  a 
c 10 L*  

L 

.C o >  
0 0  c 

o o o w  
0 0 0  
InInln. 

0 0 0 3  
c c c y  

VI 
Y Q 



Attachment A.1.2 

List 11 - Potential Contaminants of Concern 



PRINCIPAL CONTAMINANTS - METALSnNORGANiCS I 
Arsenic 
Barium 

1 
Beryllium 
Cadmlum 
Chomium 111 
Chomlum VI 
Manganese 
MerclXy 

II 
PRINCIPAL CONTAMINANTS - RADIONUCUDES 

Uranlum PS 
Americium 241 
Plutonium 239 + 240 
Trltium $as) 
Strontium 0 + g0 
Strontium 90 
Ceslum 137 
Radlum 226 

8 

PRINCIPAL CONTAMINANTS - MIATILE ORGANICS 8 
Chloroform 
1 ,l ,l -Trbhloroethane 
Carbon Tstrachlorlm 
Benzene 
TOlUSnS 
Dbhloromethane (Methylene Chlalde) 

Methyl EWl Ketone (2-Butanone) 
i p-Dlchloroethane . 
Bromomethane 
Cerbon DIsuMcte 
1 ,i -DlchloroeUIene 
1 ,l -Dlchloroethane 
Vlnyl Acetate- 
i ,3-Dlchloropropene 
1 ,1,2-Trbhloroethane 
Bromoform 
Tstrechlaoethene 
Chlorobenzene 
Ethvlbenzene 

8 

i ,2-01ch1orotx00ane 
i ,I ,ti$-~eeichiomemane 

8 PRINCIPAL CONTAMINANTS - SEMNOIATILE ORGANICS 

1,4-DIchlorobe1iiene 
1,2-Dlchlorobernene 

Hmmchlomethene 
i ,2,4-Trbhlorobsmme 
Hsxachlombuutadlene 
nsrmehiomcyciopengelene 
2,4,6- Trbhlorophenol 
Hsxachlombenzene 

a - Intsgatw RIM lnlormatlon System 
b - Health Ellscts Assessment Summary Tables 

NtObe~MrIe 

i 
m 

I Mrmatlo n 
soume 

a, b 
a, b 
b 
b 
b 
b 

b 
a,b 

Intormatlon 
s o m e  

b 
b 
b 
b 
b 
b 
b 
b 
b 
8 
b 

Information 
source 

a,b 
a,b 
a, b 
a,b 
a,b 

a, b 
a,b 
a, b 
aL.b 

b 

Inhalation 
WO-1 

2.70E-08 
2.50E-08 
2.40E-08 
4.OOE-08 
4.10E-08 
7.8OE-14 
2.90E- 12 
5.60E- 11 
5.00E-10 
8.10E-08 
1.8OE-08 



PRINCIPAL CONTAMINANTS - PESTlClDESlPCBs 

I 
Hemchlomcyclohexane (alpha) I H ( l x a c h 1 0 f O W 1 0 h ~ ~  metal . ,  
HsptachlW 

Chlordane (alpha, gamma) 

s TmgPhene 

Information 
source 

6.3 
1.8 
4.5 
9.1 
17 
1 .B 

1.3 
1.1 

0.34 



APPENDIX 2 

ESTIMATION OF EMISSION RATES 



A.2.1 INTRODUCTION 

The developed activity scenarios were selected based on the expectation that 

their performance will contriiute sigmficantly to dust generation at the Rocky Flats 
Plant. The activities were assumed to be common to four defined areas (Zones A, 
B, and C, and Operable Unit 3) with the exception that the two excavation activities 
will not occur in Operable Unit 3. Preliminary calculations indicated that some 

RFI/RI intrusive activities such as trowel sampling and hand and small powered 
augers are insigniscant emission sources. Presentation of this information to the 

working group resulted in the following activities: 

0 Drilling 
0 Light vehicle traffic 
0 Heavy vehicle traffic 
0 Minor excavation 
0 Major excavation 

These activities were developed using known applications where possible. For 

instance, major excavation will involve the use of heavy equipment such as scrapers 
and front-shovel excavators. Therefore, in order to establish plausible receptor dose 
concentrations due to dust generation by operation of such equipment, their 

application to the construction of the 881 Hillside French Drain (considered a major 
excavation) was detailed. The following section provides descriptions and applicable 
dust r:mission models specific to the aforementioned activities. 

A.2.2 ACIlVITY SCENARIO IDENTIFICATION 

Drilling: Drilling involves the placement of wells at various locations throughout the 

site. 'These wells are assumed to be drilled to a depth of 30 ft. (9 m) with a diameter 
of 8 inches (0.2 m) in a period of 10 hours. The dust emission rate is estimated as 

0.25 Ikg per well, based on typical well dimensions (Tistinic, 1984. This technical 
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memo has served as the CDH "dust manual" as referenced in the working group 

committee.) Volatile Organic Carbons (VOCs) are assumed to be distributed 

homogeneously through the well boring, and, conservatively, the VOCs in'the 

displaced soil are assumed to be completely volatilized and emitted from the soil 

during the well drilling. 

Light Vehicle Traf6c Light vehicle traffic is general activity support traffic (pickup 

trucks, security vehicles, etc.) traversing the site via unpaved roads. This classification 

of vehicle tr-c assumes that the total traveled vehicle distance is in the range of 10 

km in a 10 hour work period. The fugitive dust emission model used for this activity 

is: 

Emission (kgNI(T) = K (1.7) (~112) (S148) (W/2.7>'-' (w/4)05 (365-p)/365 

VICT = Vehicle Kilometer Traveled 
K = aerodynamic particle size multiplier (0.45) 
S = silt content of road surface material (%) 
S = mean vehicle speed (km/hr) 
W = mean vehicle weight (Mg) 
W = mean number of wheels 
P number of days with at least 0.254 mm of precipitation 

per year. 
= 

The values used for these variables in running this model were either assumed 

using good engineering judgement or obtained from various sources. The 

aerodynamic particle size multiplier, K, accompanied the model (Tistinic, 1984). The 

silt content, s, which is de&ed as that portion of the soil passing through a 200 mesh 

screen, was estimated to be 50 percent based on a soil survey for the area (Soil 

Conservation Service, 1980). The other variables were assumed to have the following 

values for purposes of completing the model: 
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2 (tie) 
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1 
1 
I 
I 
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W, Mean Vehicle Weight Increase 

w, Mean No. of Wheels Increase 

s, Silt Content Increase 

S, Vehicle Speed Increase 

P, Precipitation Decrease 

Variable Assumed Value 

S 16 kmjh (10 mph) 
W 2.7 Mg (06000 lbs) 
W 4 
P 40 

A simple sensitivity analysis (see Figure 1) performed on the variables of this 

model shows the effect of changes over the expected range of the variables. The 

slope of the line for a particular variable in a given unit range is an indication of the 

impact that changes in that variable have on the total emission factor @e., the greater 

the slope, the greater a given change in a particular variable will impact the total 

emission factor). 

Figure 1 demonstrates that changes in mean vehicle weight have the greatest 

impact on emissions over the expected ranges of operation for all of the variables. 

Changes in the mean number of wheels on the vehicle and changes in silt content 

have impacts on the total emission rate that are similar to one another over their 

expected ranges of operation. The following list reflects the rank of the variables 

with regard to impact on dust emissions. 
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FIGURE 1 

Sensitivity Analysis - Vehicle Traffic Model 

0 4 8 12 16 20 24 28 32 36 40 
2 6 10 14 18 22 26 30 34 38 

Unit 
Vehicle Speed, km/h Silt Content, % Vehicle Weight, Mg 

, , . . . . . . . . . . . . . . . . . . . _ _ - - - _ _ _ _ - -  

No. of Wheels Prec. > =0.254mm/y 
-..-..-.. _ _ _ _ - _  
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It has been assumed that the soil being disturbed by vehicle traffic contains no 

VOCs; therefore, this activity does not contribute to potential VOC intake by off-site 

receptors. 

Heavy Vehicle TrafBic: Heavy vehicle traffic is identical to light vehicle traffk with 

the exception that this classification of vehicle traf6c assumes that the total vehicle 

distance traveled is in the range of 100 km in a 10 hour work period. 

Minor Excavation: Minor excavation refers to an excavation that requires a 

minimum amount of heavy equipment operation. The activity chosen to represent 

a minor excavation is the construction of a test pit with the dimensions of 7 ft. long 

x 5 ft. wide x 4 ft deep. Construction of a test pit will utilize a backhoe and be 

performed in a manner such that the top six inches of soil is removed and stored 

prior to excavating the balance of the pit. The top six inches of soil is assumed to 
contain radionuclides and will be isolated from the excavated soil. The predictive 

emission factor (batch drop model) for such an operation is: 

(s/5) (UD.2) (W1.5) 

(M/2)2 (Y/4.6)OS 
Emission (kg/Mg) = K (0.0009) 

K = aerodynamic particle size diameter (0.48) 
S = silt content of material, % 
U = mean wind speed, m/s 
H = drop height,m 
M = material moisture content, % 
Y = dumping device capacity, m3 

As discussed in the section for light vehicle traffic, to run the above model 

variables were either assumed using good engineering judgement or obtained from 

various sources. K accompanied the emission model (Tistinic, 1984); s was estimated 

as 50 percent (Soil Conservation Service, 1980); the mean wind speed, U, was 
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estimated & 4.7 m/s from available wind rose data (see Appendix 3 - Dispersion 

Calculation); the material moisture content was estimated as 10 percent based on 

consultation with area experts; and the dumping device capacity was estimated as 0.25 

m3 which is 1/3 the bucket capacity for a Caterpillar Model 416 (Caterpillar, 1989). 

A simple sensitivity analysis (see Figure 2) performed on the variables of this 

model shows the effect of change over the expected range of the variables. Figure 

2 demonstrates that changes in moisture content have the greatest impact by far on 

the total particulate emission factor. The following list reflects the rank of the 

variables with regard to impact on dust emissions. 

1 M, Moisture Content Dt!CEZL% 

2 H, Drop Height Increase 

3 U, Mean Wind Speed Increase 

4 s, Silt Content Increase 

5 Y.  Bucket Volume 

VOCs are assumed to be distributed homogeneously through the soil 

excavated during construction of the test pit. As with the well drilling, a worse case 

for VOC emission has been developed by assuming all of the VOCs are completely 

volatilized and emitted during the test pit construction. 

Major Excavation: A major excavation requires the use of several types of heavy 

equipment including scrapers and front-shovel excavators. As discussed earlier, the 

activity chosen to represent a major excavation is the construction of the bench drain 

at the 881 Hillside location. Construction of the french drain will be stepwise with 

the following major activities: 
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FIGURE 2 

Sensitivity Analysis - Backhoe Operations Model 
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1. Topsoil removal by scraper, transportation by scraper and unloading 
by scraper. 

2. Trench excavation by front-shovel excavator. 

These major activities are modeled for total particulate dust emission factors as 
follows (Tistinic, 1984): 

Removal by scraper 
Emission (kg/Mg) = 0.019 kg/Mg 

Transportation by scraper 
Emission (kgWKT) = 2.2 E-6 (S)'.~ (w>= 
s = silt content, % 

W = mean vehicle weight, Mg 

Unloading by scraper (Batch Drop) 

(sb) (U/2.2) (W1.5) 
Emission (kg/Mg) = K (0.0009) 

(Wq2 (Y/4.6y3 
Note: Variables defined in dicussion for minor excavation. 

Trench excavation by fkont-shovel excavator (Batch Drop) 
(same as unloading by scraper) 

The values for variables in the transportation and unloading by scraper models 
were estimated from various sources. Again, silt content, moisture content, and mean 

wind speed were estimated as 50 percent, 10 percent, and 4.7 m/s, respectively. The 
bucket volume for the scraper was estimated as 10.7 m3 (Caterpillar Model 621E) 
and the drop height estimated as 1 m. 

A-2-8 



1 
I 
E 
I 
t 

The variables for the excavation by front shovel excavator were estimated as 

discussed for the scraper model with the exception that the bucket volume was 

estimated as 3.5 m3 (Caterpillar Model 245B) (Caterpillar, 1989), and the drop height 

estimated as 2 m. 

A sensitivity analysis was unnecessary for the removal by scraper model; 

however, a simple sensitivity analysis was performed on the transportation model. 

Figure 3 demonstrates that changes in mean vehicle weight have the greatest impact 

on the total particulate emission factor, however, an increase in either variable (silt 

content or mean vehicle weight) results in an increase in the total particulate 

emission factor. 

A sensitivity analysis for the batch drop equation used to model both 

unloading by scraper and excavation by front-shovel excavator was discussed in the 

section for minor excavation. 

Assumptions used for VOCs emissions are the same as those discussed under 

minor excavation. 
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FIGURE 3 
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M E M O R A N D U M  

To : A l l  I n t e r e s t e d  P a r t i e s  
Through: Colorado Department  o f  H e a l t h ,  Air P o l l u t i o n  C o n t r o l  D i v i s i o n  

From: . Tom T i s t i n i c ,  P u b l i c  H e a l t h  E n g i n e e r  

S u b j e c t :  F u g i t i v e  P a r t i c u l a t e  E m i s s i o n s  

Date: J u l y  2 ,  1 9 8 4  

A t t a c h e d  f i n d  t h e  updated  c o m p i l a t i o n  o f  f u g i t i v e  p a r t i c u l a t e  e m i s s i o n  
factors recommended f o r  u s e  i n  e s t i m a t i n g  e m i s s i o n s  from mining  a c t i v i t i e s .  
To a v o i d  c o n f u s i o n  and m a i n t a i n  c o n s i s t e n c y ,  i t  i s  recommended that t h e  EPA's 
Compi la t ion  o f  Air P o l l u t a n t  E m i s s i o n  Factors ( A P - 4 2 )  b e  u s e d  whenever 
a p p l i c a b l e .  Those  S e c t i o n s  of AP-42 a p p l i c a b l e  t o  t h i s  c o m p i l a t i o n  are 
a t t a c h e d  f o r  e a s y  r e f e r e n c e .  I n  some cases, we recommend a d d i t i o n a l  f a c t o r s  
when one  i s  needed and i s  n o t  i n c l u d e d  i n  A P . 4 2 .  

When e s t i m a t i n g  e m i s s i o n s  t h e  f a c t o r s  for t h e  s p e c i f i c  material b e i n g  mined 
s h o u l d b e  used. 
f a c t o r s  l i s t e d  i n  t h e  Western  S u r f a c e  C o a l  Mining S e c t i o n .  However, i f  no 
e m i s s i o n  f a c t o r  f o r  a c e r t a i n  a c t i v i t y  i s  g i v e n  i n  a s p e c i f i c  material 
s e c t i o n ,  you may refer t o  a n o t h e r .  F o r  example, when p r o c e s s i n g  a s t o n e  
q u a r r y i n g  p e r m i t ,  t o  o b t a i n  a f a c t o r  € o r  v e h i c l e  t ra f f i c  o n  unpaved r o a d s  you 
w i l l  refer t o  t h e  Unpaved Roads s e c t i o n .  

F o r  i n s t a n c e ,  when p r o c e s s i n g  a c o a l  mine p e r m i t ,  u s e  a l l  

The f a c t o r s  are grouped i n t o  n i n e  m a j o r  s e c t i o n s  as f o l l o w s :  

I. 

11. 

111. 

IV. 

V. 

VI. 

XI. 

1'111. 

E m i s s i o n  F a c t o r s  a p p l i c a b l e  t o  a l l  Mining  O p e r a t i o n s  

Western S u r f a c e  C o a l  Mining 

Sand and G r a v e l  P r o c e s s i n g  

S t o n e  Quarry ing  and P r o c e s s i n g  

X e t a l l i c  h l i n e r a l s  P r o c e s s i n g  ( u s e  f o r  molybdenum and uranium 
process ing)  

Unpaved Roads 

Paved P.oads 

Aggregate  Handl ing and S t o r a g e  P i l e s  
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T h e s e  

1. 

2. 

3. 

4 .  

5. 

6. 

IX. Appendices 

A, Particle S i z e  D i s t r i b u t i o n s  

E. C o n t r o l  E f f i c i e n c i e s  

C. U s e f u l  Weights  and Measures 

D. M e t e o r o l o g i c a l  Data 

E. A d d i t i o n a l  F a c t o r s  

F o l l o w i n g  some s e c t i o n s  are a d d i t i o n a l  f a c t o r s ,  par t i c le  s i z e  
d i s t r i b u t i o n s  and o t h e r  d a t a  recommended f o r  u s e  by t h e  APCD. 

f a c t o r s  should  be u s e d  w i t h  t h e  f o l l o w i n g  p r o v i s o s :  

The f a c t o r s  should  be combined w i t h  a d e p o s i t i o n  f u n c t i o n  in t h e  
model. F o r  t h i s  r e a s o n ,  e m i s s i o n s  should  be e s t i m a t e d  f o r  a 
mfnimum o f  t h r e e  p a r t i c l e  s izes ,  e .g .  ‘<30 um ( o r  TSP), < 1 5  o r  <lo, 
and <5 o r  c2.5.  O f  c o u r s e ,  t h e  more d e t a i l e d  t h e  d i s t r i b u t i o n ,  t h e  
g r e a t e r  t h e  model a c c u r a c y .  

The factors do n o t  c o n s i d e r  a n y  r e d u c t i o n  f o r  p i t  r e t e n t i o n .  
P r e l i m i n a r y  d a t a  i n d i c a t e  under certain s t a b i l i t i e s  we c o u l d  
e x p e r i e n c e  no p i t  re  t e n t i o n ;  t h e r e f  o r e ,  p i t  re t e n t i o n  should n o t  be 
c o n s i d e r e d  u n t i l  f u r t h e r  d a t a  i s  p r e s e n t e d  t o  t h e  c o n t r a r y .  (1) 

Days w i t h  rain 
f r e e z i n g  ( d u r i n g  t h e  e n t i r e  working day) should  be c o n s i d e r e d  when 
c a l c u l a t i n g  annual  e m i s s i o n s .  

(2 .01 i n c h e s ) ,  snow c o v e r  and t e m p e r a t u r e s  below 

G e n e r a l l y  s p e a k i n g ,  t h e  f a c t o r s  were developed based  on t h o s e  
p a r t i c l e s  c o l l e c t e d  by t h e  h i - v o l  s a m p l e r ,  which are c o n s i d e r e d  t o  
be less  t h a n  3 0  m i c r o n s  i n  s ize .  

T o t a l  annual  e m i s s i o n s  should  be c a l c u l a t e d  f o r  t h e  e s t i m a t e d  y e a r  
of g r e a t e s t  a c t i v i t y .  N a t u r a l l y  some f a c t o r s  such as c r u s h i n g  _ .  

should be used i n  combinat ion  w i t h  t o t a l  annual  work d a y s ;  and some 
f a c t o r s  such as wind e r o s i o n  should  be a p p l i e d  3 6 5  d a y s / y e a r .  

Data from AP-42 u n l e s s  o t h e r w i s e  i n d i c a t e d .  Other  r e f e r e n c e s  
i n d i c a t e d  w i t h  p a r e n t h e s e s ,  ( ) ,  f o l l o w i n g  t h e  f a c t o r .  

-2- 
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SECTION XI 

8 . 2 4  WESTERN SURFACE COAL MINING 

8 . 2 4 . 1  General 1 

There are 12 major coa l  fields i n  t h e  western s t a t e s  (excluding the 
Pacif ic  Coast and Alaskan fields), as shown i n  Figure 8.24-1 .  Together, 
they account f o r  more than 64 percent of the surface minable coal reserves 
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in t h e  U n i t e 4  S t a t e s . '  The 12 coal .  . f i e l d s  have v a ~ y i n ~ - c ~ a r a ' c c e r i s t i c s  
which may i n f  Luence f u g i t i v e  d u s t  emissir ,n r a t e s  from m i n i n g  o p e r a t i o n s  ., 
i n c l u d i n g  overburden and c o a l  seam t h i c k n e s s e s  and structure ,  m i n i n g  e q u i p -  
ment, o p e r a t i n g  p r o c e d u r e s ,  t e r r a i n ,  v e g e t a t i o n ,  p r e c i p i t a t i o n  and s u r f a c e  
m o i s t u r e ,  wind speeds and t e m p e r a t u r e s .  The o p e r a t i o n s  a t  a t y p i c a l  uest -  
ern s u r f a c e  mirie a r e  shown in F i g u r e  8.24-2. A L I  o p e r a t i o n s  t h a t  involve 
movement of s o i l ,  c o a l ,  or equipment ,  or e x p o s u r e  of e r o d i b l e  s u r f a c e s ,  
generate some amount of f u g i t i v e  d u s t .  

The i n i t i a l  o p e r a t i o n  is removal of t o p s o i l  and s u b s o i l  w i t h  l a r g e  
s c r a p e r s .  The t o p s o i l  is c a r r i e d  by  t h e  s c r a p e r s  t o  c o v e r  a p r e v i o u s l y  
mined and regraded area as p a r t  of the r e c l a m a t i o n  p r o c e s s  o r  i s  p l a c e d  i n  
temporary  s t o c k p i l e s .  The exposed overburden ,  t h e  e a r t h  which is between 
t h e  t o p s o i l  and t h e  c o a l  seam, i s  l e v e l e d ,  d r i l l e d  and b l a s t e d .  Then t h e  
overburden m a t e r i a l  i s  removed down t o  t h e  c o a l  seam,  u s u a l l y  by a d r a g l i n e  
o r  J s h o v e l  and t r u c k  o p e r a t i o n .  It i s  p l a c e d  i n  t h e  a d j a c e n t  mined c u t ,  
forming a s p o i l s  pile. The uncovered c o a l  seam i s  t h e n  d r i l l e d  and 
b l a s t e d .  A s h o v e l  or front end l o a d e r  l o a d s  t h e  b r o k e n  c o a l  i n t o  haul 
t r u c k s ,  and it is taken  o u t  o f  t h e  p i t  a l o n g  graded h a u l  roads t o  t h e  t i p -  
p l e ,  or t r u c k  dump. Raw c o a l  sometimes may be dumped o n t o  a temporary 
s t o r a g e  p i l e  and la ter  rehandled  by a f r o n t  end l o a d e r  o r  b u l l d o z e r .  

A t  t h e  t i p p l e ,  t h e  c o a l  i s  dumped i n t o  a hopper t h a t  f e e d s  t h e  pr imary 
c r u s h e r ,  t h e n  i s  conveyed through a d d i t i o n a l  c o a l  p r e p a r a t i o n  equipment 
s u c h  as secondary  c r u s h e r s  and s c r e e n s  t o  t h e  s t o r a g e  a r e a .  I f  t h e  mine 
has  open s t o r a g e  p i l e s ,  t h e  c rushed c o a l  p a s s e s  through a c o a l  s t a c k e r  onto  
t h e  p i l e .  The p i l e s ,  u s u a l l y  worked by b u l i d o z e r s ,  are s u b j e c t  t o  wind 
e r o s i o n .  From t h e  s t o r a g e  a r e a ,  t h e  c o a l  i s  cocveyed t o  a t r a i n  l o a d i n g  
f a c i l i t y . a a d  i s  p u t  i n t o  r a i l  c a r s .  A t  a c a p t i v e  m i n e ,  c o a l  w i l l  go from 
t h e  s t o r a g e  p i l e  t o  t h e  power p l a n t .  

During mine rec lama t i o n ,  which p r o c e e d s  c o n t i n u o u s l y  throughout t h e  
l i f e  o f  t h e  mine, overburden s p o i l s  p i l e s  a r e  smoothed and contoured by 
b u l l d o z e r s .  T o p s o i l  i s  p l a c e d  on t h e  graded s p o i l s ,  and t h e  land is pre-  
p a r e d  f o r  r e v e g e t a t i o n  by f u r r o w i n g ,  mulching ,  e t c .  From t h e  time an a r e a  
is d i s t u r b e d  u n t i l  t h e  new v e g e t a t i o n  emerges ,  a i l  d i s t u r b e d  a r e a s  a r e  sub- 
j e c t  t o  wind e r o s i o n .  

8.24.2 E m i s s i o a s  . 

P r e d i c t i v e  e m i s s i o n  f a c t o r  e q u a t i o n s  f o r  open d u s t - s o u r c e s  a t  western  
s u r f a c e  c o a l  mines a r e  p r e s e n t e d  i n  T a b l e s  8.22-1 and 8.24-2. Each equa- 
t i o n  i s  f o r  a s i n g l e  d u s t  g e n e r a t i n g  a c t i v i t y . ,  such  a s  v e h i c l e  t r a f f i c  on 
unpaved roads .  The p r e d i c t i v e  e q u a t i o n  e x p i a i l i s  much o f  t h e  observeu v a r i -  
a n c e  i n  e m i s s i o n  f a c t o r s  by r e l a t i n g  e m i s s i s o s  t o  t h r e e  sets  o f  source pa- 
r a m e t e r s :  l) measures of s o u r c e  a c t i v i t y  cr tnergv  expended ( e . g . ,  speed 
and w e i g h t  of a v e h i c l e  t r a v e l i n g  on an un2avcd road) ;  2 )  p r o p e r t i e s  o f  t h e  
material b e i n g  d i s t u r b e d  < e . g . ,  suspendable  f ines  i n  the s u r f a c e  m a t e r i a l  
of an unpaved r o a d ) ;  and 3)  c l i m a t e  ( i n  this c 2 s e ,  mean wind speed). 

(-: .. . 

'." . 

The e q u a t i o n s  may be used t o  e s t i n ; l L e  ; j : :T : i cu ia t r  e m i s s i o n s  generated  
per u n i t  of s o u r c e  e x t e n t  ( e . g . ,  v e h i c l e  <lst . i : ice. :ra* ;et?d or mass o f  mate- 
rial t r a n s f e r r e d ) .  

- 5- 
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The equations were developed through f i e l d  sampling varcius western' JUrface 
mine types and are thus applicable t o  any of the surface coal mines l o c a t e d  
in the western United States .  e 

In Tables 8.24-1 and 8.24-2, the assigned quality ratings apply w i t h i n  
the ranges o f  source conditions tha t  were tested i n  developing the equa- 
t ions ,  given in Table 8.24-3. However, the equations are derated one l e t -  
t e r  value (e .g . ,  A t o  B) if applied t o  eastern surface coal mines. 

TABLE 8.24-3. TYPICAL VALUES FOR CORRECTION FACTORS APPLICiBLE TO THE 
PREDICTIVE EHISSION FACTOR EQUATIONS 

Correction Number Geometric 
Source factor of t e s t  'tange mean U n i t s  

samples 

Blas t i a g  tlois ture 5 7. - 38 17.2 % 
Depth 18 - 41 7.9 m 

\ 2 - 135 25.9 ft 
Area 18 9 - 9,000 1,800 m2 

1,oc ' - 100,000 19,000 f t* 
Coal loading Hois ture 7 6.5 - 38 17.8 
Bulldozers 

Coal 

Overburden 

Drag i ine 

Scraper 

Grader 

Lightlaedium 

Haul truck . 
duty vehicles 

tlo is ture 
S i l t  
Hois ture 
S i f t  
Drop distance 

tlo is ture 
S i l t  
Weight 

Speed 

no i s  ture 
Wheels 
S i l t  Lcading 

3 
3 
8 
8 
19 

7 
10 
15 

7 

7 
29 
26 

4.0 - 22.0 
6.0 - 11.3 
2.2 - 16.8 
3.8 - 15.1 
1.5 - 30 
5 - 100 

0.2 - 16.3 
7.2 - 25.2 
33 - 64 
36 - 70 

8.0 - 19.0 
5.0 - 11.8 
0.9 - 1 .7  
6.1 - 10.0 
3.8 - 254 
34 - 2 ,270  

10.4 
8.6 
7 . 9  
6.9 
8.6 
28.1 
3.2 
16.4 
48.8 
53.8 
11.4 
7.1 

1.2 
8.1 
40.8 

364 

% 
x 
01 

u 
k 

k 
m 
ft 
% 
2 
k3 

kP h 
mPh 

tons 

% 
number 
g h '  
lb/acre 

I n  u s i n g  the equations t o  estimate emissions f rom sources i n  a spe- 
c i f l i  western surfacz coal mine, it i s  necessary that r e l i a b l e  values for 
correction parameters be determined for the speci f ic  sources o f  i n t e r e s t ,  
i f  :he 2ssigned qualitv ratings o f  the equations are t o  apply. For exam- 
p i e .  a G u a l  s i l t  content. of caal or overburden measured a t  a f a c i l i t y  

- .  :. ..--,  E3LSSZON FACTORS 

n 
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should be used instead of  estimated values. I n  the event that  s i t e  spe- 
c i f i c  values for correct ion parameters cannot be obtained, the appropriate 
geometric mean values f r o m  Table 8.24-3 may be used, b u t  the assigned q u a l -  
i t y  r a t i n g  of each emission fac tor  equation is reduced by one level  ( e . p . ,  - 

A t o  B ) .  

t 
I 
1 
I 
1 
1 

Emission factors  for  open d u s t  sources not covered i n  Table 8.24-3 are  
i n  'Table 8.24-4. 
various western coal  mines. 

These factors  were determined through source tes t ing  a t  

The fac tors  i n  Table 8 . 2 4 - 4  for mine locat ions  I through V were devel- 
oped for specific geographical areas.  Tables  8 24-5 and 8.24-6 present 
c h a r a c t e r i s t i c s  o f  each of these mines (areas) .  A "mine s p e c i f i c "  emission 
fac tor  should be used only if  the c h a r a c t e r i s t i c s  o f  the mine for  whlch an 
emissions estimate i s  needed are  very s i m i l a r  t o  those o f  the mine for 
which the emission fac tor  was developed. The other (nonspecif ic)  emission 
factors  were developed a t  a var ie ty  of mine types arid t h u s  a r e  applicable 
t o  any western surface coa l  mine. 

As an a l ternat ive  t o  the s ing le  valued emission fac tors  given i n  Table 
8.24-4 f o r  t r a i n  or t r u c k  loading and for truck o r  scraper u n l o a d i n g ,  two 
empirically derived emission factor  eq:iations a r e  presented i n  Section 
11.2.3 o f  t h i s  doc*unent. Each equatioi! vas developed for  a source opera-  
t i o n  ( i . e . ,  batch drop and continuous Jrop, respectively) , compr:srn_e a 
s ingle  d u s t  generating mechanism which crosses industry l i n e s .  

Because the predict ive  equaticns a l l o w  emissior. f a c t o r  2.Cjustnent t o  
s p e c i f i c  source condit ions ,  the equations should be used i n  p l a c e  cf Lhe 
fac tors  i n  Tabie 8.24-4 for the sources ident i f r& above, i f  emission esii- 
mates for a specific western surface coal  mine are needed. However, che 
generally h i g h e r  qual i ty  rat ings  assigned t o  the equations are applicable 
dnly if 1)  r e l i a b l e  values o f  correction parameters have been detemined 
f o r  the specific sources o f  i n t e r e s t  and 2) the correct ion parameier values 
l i e  w i t h i n  the ranges tes ted  i n  developing the equations. Table 8.24-3 
l i s ts  measured properties o f  aggregate materials  w h i c h  can be used t o  e s t i -  
mate correct ion paraneter vallles f o r  the predict ive  emission factor  equa-  
t ions i n  Chapter 1 1 ,  i n  the event that  s i t e  s p e c i f i c  values are nct ~ v a F 1 -  
able .  Use of  mean correct ion parameter values from T a b l e  3.2L-3 redsces  
the qual i ty  ratings of the emission factor  eqcatisns i n  Chapter l i  5:; otic 
l eve l .  

. -  
. _ - -  

. I . .-  .. . ~ - 
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'TABLE 8.2L-6. WCOKTROLLED PARTICULATE EMISSIOY FACTORS FOR 
3PE:i DUST SOURCES AT UESTERN SURt'ACE COAL NINES 

Source 
~ A ~ J ~ O Q  TSP 

norcr La 1 Rme mA''Ao~ Units f s c t o r  
locarroo' facror R.tAE& 

Oral Ian8 . 0.erburd.o 

cor1 

Topsoil r o o r a l  by Topsoil 
icraper 

b . 1  

h Y  

V 

b Y  

m 

V 

ml 
11: 

V 

IV 

111 

11 

I 

V 

IV 

&Y 

1.3 
0.39 

0.22 
0.10 

0.058 

0 . u  
0.22 

0.012 
0.oou 

0 037 
0.018 

0.029 

0 . 0 3  
0.011 
0.0002 
o.Oo01 

0.002 
0.001 

0.027 
0.011 

0.00) 
0.002 
0.020 
0.010 
0.01L 
0.0070 
0.066 
0.033 

0.007 
0.004 

0.01 
0.02 

0.311 

0.8s 

B 
B 

f 
E 

E 
f 
0 
0 

c 
C 

C 
C 

0 
0 
0 
0 

E 
E 

E 
E 

E 
L 
L 
E 
D 
D 
0 
0 

E 
E 

c 
C 

C 

C 

b 

c 

Rovo a u r r r l r  I chrougb V refer La specific  mane locations for vh~cb the 
corrcrponding a a s a o n  factors  varc d e l o p c d  (Reference L). fabler 8.2k-L 
MI 6.tL-5 present Ch&C.CfCI%#CiC8 of each of tbes. .me.. See t C X t  for 
CorfCtr uac a i  c k s c  "mrne rprcrfic" massion factors. Tbe other factorr 
(tram Reference 5 except fer 6verburb.n d r i l l i o (  fro Aefemcr 1) CJO be 
applied La any westem surface coal .an.. 
Tau1 rueproded perriculace ITSP) denorer vb.f 
v o l w z  sampler (see Secrion 11 .2) .  
PredActrvr a s a a i o n  factor ~ ~ I U C I O M ,  vorcb gemrally providc more eccucrce 
emcxmacea of clara~oos. ere preseuted an Chapter 11. 

r a u r c d  by b r taadstd h i r b  

3 1 s  S ION FACTORS * 

c 

c 

c 
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.‘!int*ral Products I n d u s t r y  8.2L-I1 
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SECTION I1 

WESTERN SURFACE COAL MINWG 

Emissions i n  l b s / T  - assumes m o i s t u r e  c o n t e n t  of 4% o r  g r e a t e r  (See  S e c t i o n  V) 

<15 umW <IO umW <5 u m w  ~ 2 . 5  urn93 A c t i v i t y  e30 um 
~~ ~~ ~ ~~ 

Primary Crushing .02 ( 4 )  e 0086 8 0 5 6  0 002 .0005 

Secondary Crushing . 0 6  ( 4 )  . 0 2 5 8  .016a . 0 0 6  .0015 

T e r i t i a r y  Crushing .18  ( 5 )  .0774 e 0 5 0 4  . o i a  . 0 0 4 5  

Screenins .10 ( 4 )  .04% . 0 2 8  e 010 . 0025  

L'sed " o v e r a l l "  particle s i z e  d i s t r i b u t i o n  f o r  c o a l  mining o p e r a t i o n  (See 
Appendix A) 

Q 
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SECTION 111 

8 . 1 9  .-1 SAND AND GRAVEL PROCESSING 

8 . 1 9 . 1 . 1  P r o c e s s  D e s c r i p t i o n  1-2 

Depos i t s  o f  sand and g r a v e l ,  t h e  c o n s o l i d a t e d  g r a n u l a r  m a t e r i a l s  . .- re- 
suiting from t h e  n a t u r a l  d i s i n t e g r a t i o n  of rock o r  s t o n e ,  are g e n e r a l l y  
found i n  banks and p i t s  and in subterranean  and subaqueous beds. Sand and 
g r a v e l  are products  of t h e  weathering of rocks  and a r e  most ly  s i l i c a .  
O f t e n ,  v a r i e d  amounts of i r o n  o x i d e s ,  mica, feldspar and o t h e r  minera ls  a r e  
p r e s e n t .  Depos i t s  are common throughout t h e  country.  

Depending upon t h e  l o c a t i o n  o f  t h e  d e p o s i t ,  t h e  materials are exca- 
vated with power s h o v e l s ,  d r a g l i n e s ,  cableways,  s u c t i o n  dredge pumps or 
o t h e r  apparatus .  L ightcharge  b l a s t i n g  may o c c a s i o n a l l y  be n e c e s s a r y  t o  
loosen the d e p o s i t .  The materials are t r a n s p o r t e d  t o  t h e  p r o c e s s i n g  p l a n t  
by s u c t i o n  pump, e a r t h  mover, b a r g e ,  t r u c k  o r  o t h e r  means. The p r o c e s s i n g  
o f  sand and g r a v e l  for a specific market involves  the use  of d i f f e r e n t  com- 
b i n a t i o n s  o f  washers ,  s c r e e n s  and c l a s s i f i e r s  t o  s e g r e g a t e  p a r t i c l e  s izes;  
c r u s h e r s  t o  reduce o v e r s i z e  m a t e r i a l ;  and s t o r a g e  and loading  f a c i l i t i e s .  

8.19.1.2 Emissions  and C o n t r o l s  1 

Dust emiss ions  o c c u r  during conveying,  s c r e e n i n g ,  c rushing  and s t o r i n g  
G e n e r a l l y ,  t h e s e  materials a r e  wet o r  moist when handled,  and operat ions .  

p r o c e s s  emiss ions  are o f t e n  n e g l i g i b l e .  (If p r o c e s s i n g  i s  d r y ,  expected 
emiss ions  could be  similar t o  those shown i n  S e c t i o n  8 . 1 9 . 2 ,  Crushed 
S tone . )  Cons iderable  emiss ions  may occur  from v e h i c l e s  h a u l i n g  m a t e r i a l s  
t o  and from a s i te .  Open dust  source  emiss ion f a c t o r s  for such sand and 
g r a v e l  p r o c e s s i n g  o p e r a t i o n s  have been determined through source  t e s t i n g  a t  
v a r i o u s  sand and g r a v e l  p l a n t s  and, i n  some i n s t a n c e s ,  through a d d i t i o n a l  
e x t r a p o l a t i o n s ,  and are presented  i n  Table  8 .19 .1 -1 .  

As an a l t e r n a t i v e  t o  t h e  s i n g l e  valued emiss ion f a c t o r s  given in Table  
8 . 1 9 . 1 - 1 ,  empirically der ived  emiss ion f a c t o r  equat ions  a r e  presented  i n  
Chapter 1 1  of t h i s  document. Each equat ion was developed f o r  a s i n g l e  
source  o p e r a t i o n  or d u s t  genera t ing  mechanism which  c r o s s e s  i n d u s t r y  l i n e s ,  
such a s  v e h i c u l a r  t ra f f i c  on unpaved roads.  The p r e d i c t i v e  equat ion  ex- 
p l a i n s  much of  t h e  observed v a r i a n c e  i n  measured emiss ion f a c t o r s  by r e l a t -  
i n g  emiss ions  t o  d i f f e r e n t  source  parameters .  These parameters may be 
grouped a s  1 )  measures o f  source  a c t i v i t y  or expended energy ( e . g .  , t h e  
speed and w e i g h t  o f  a v e h i c l e  t r a v e l i n g  on an unpaved road); 2)  p r o p e r t i e s  
of t h e  m a t e r i a l  being d i s t u r b e d  ( e . g . ,  t h e  content  o f  suspendable f i n e s  i n  
t h e  s u r f a c e  m a t e r i a l  on an unpaved road) ;  and 3 )  c l i m a t e  ( e . g . ,  number o f  
p r e c i p i t a t i o n  free days per y e a r ,  when emiss ions  tegd t o  a maximum). 

Beczuse p r e d i c t i v e  equat ions  a l low f o r  emiss ion f a c t o r  adjustment  t o  
s p e c i f i c  c o n d i t i o n s ,  t h e y  should be used i n s t e a d  o f  t h e  f a c t o r s  given i n  
T a b l e  3 .19 .1 -1  whenever emiss ion e s t i m a t e s  are  needed for sources  i n  a spe- 
c i f i c  sand and g r a v e l  p r o c e s s i n g  k z c i l i t y .  However, t h e  g e n e r a l l y  higher 
qua l i ty  r a t i n g s  ass igned t o  the equat ions  a r e  a p p l i c a b l e  only if 1 )  r e l i -  
a b l e  values  o f  c o r r e c t i o n  parameters have 'oren determined for &he s p e c i f i c  

5 1  a3 Hineral Products Industry 
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s o u r c e s  of  i n t e r e s t  and 2 )  the c o r r e c t i o n  parameter  v a l u e s  l i e  w i t h i n  t h e  
ranges  t e s t e d  i n  d e v e l o p i n g  t h e  e q u a t i o n s :  Chapter  1 1  lists measured prop- 
e r t i e s  o f  a g g r e g a t e  m a t e r i a l s  used i n  i n d u s t r i e s  r e l a t i n g  t o  t h e  sand and 
g r a v e l  i n d u s t r y ,  which c a n  be  used t o  approximate  c o r r e c t i o n  parameter  Val- 
ues for t h e  p r e d i c t i v e  e m i s s i o n  f a c t o r  e q u a t i o n s ,  i n  t h e  e v e n t  t h a t  s i t e  
specif ic  v a l u e s  a =  n o t  a v a i l a b l e .  Use o f  mean c o r r e c t i o n  parameter v a l u e s  
from Chaprer  11 reduces  t h e  q u a l i t y  r a t i n g s  qf;-the e m i s s i o n  f a c t o r  equa- - 'H, 
t i o n s  by a t  l e a s t  one l e v e l .  2. 

S i n c e  e m i s s i o n s  from sand and g r a v e l  o p e r a t i o n s  are u s u a l l y  i n  t h e  
form of f u g i t i v e  dust ,  c o n t r o l  t e c h n i q u e s  appLicabLe t o  f u g i t i v e  d u s t  
s o u r c e s  a r e  a p p r o p r i a t e .  C o n t r o l  t e c h n i q u e s  most s u c c e s s f u l l y  used' f o r  
h a u l  roads a r e  a p p l i c a t i o n  of d u s t  s u p p r e s s a n t s ,  p a v i n g ,  route  m o d i f i c a -  
t i o n s ,  s o i l  s t a b i l i z a t i o n ,  e t c . ;  for conveyors ,  c o v e r i n g  and wet d u s t  sup- 
p r e s s i o n ;  f o r  s t o r a g e  p i l e s ,  wet d u s t  s u p p r e s s i o n ,  windbreaks ,  e n c l o s u r e  
and s o i l  s t a b i l i z e r s ;  and f o r  conveyor  and b a t c h  t r a n s f e r  p o i n t s  ( l o a d i n g ,  
unloading ,  e tc . ) ,  w e t  s u p p r e s s i o n  and various methods t o  reduce  f r e e f a l l  
d i s t a n c e s  ( e .%. ,  t e l e s c o p i c  c h u t e s ,  s t o n e  l a d d e r s  and h inged boom s t a c k e r  
conveyors ) .  

Wet s u p p r e s s i o n  t e c h n i q u e s  i n c l u d e  a p p l i c a t i o n  of w a t e r ,  c h e m i c a l s  or 
foam, u s u a l l y  a t  conveyor  f e e d  and d i s c h a r g e  p o i n t s .  Such s p r a y  systems a t  
t r a n s f e r  p o i n t s  and on m a t e r i a l  handl ing  o p e r a t i o n s  a r e  e s t i m a t e d  t o  reduce 
e m i s s i o n s  70 t o  95 p e r c e n t . 5  Spray  systems can  a l s o  reduce  l o a d i n g  and 
wind e r o s i o n  e m i s s i o n s  from s t o r a g e  p i l e s  o f  v a r i o u s  m a t e r i a l s  80 t o  9 0  
p e r c e n t .  C o n t r o l  e f f i c i e n c i e s  depend upon l o c a l  c l imat ic  c o n d i t i o n s  
s o u r c e  p r o p e r t i e s  and d u r a t i o n  of c o u t r o l  e f f e c t i v e n e s s .  T a b l e  1 1 . 2 . 1 - 2  
c o n t a i n s  estimates o f  c o n t r o l  e f f i c i e n c y  f o r  v a r i o u s  e m i s s i o n  s u p p r e s s a n t  
methods f o r  h a u l  roads .  

R e f e r e n c e s  f o r  S e c t i o n  8 . .19.1 ) 

1. 

2 .  

3. 

4. 

5 .  

A i r  P o l l u t i o n  Control Techniques  for N o n m e t a l l i c  t l i n e r a l s  I n d u s t r y ,  
U. S. Environmental  P r o t e c t i o n  Agency, R e s e a r c h  T r i a n g l e  P a r k ,  N C ,  
August 1982.  

S.  Walker ,  "Product ion  o f  Sand and G r a v e l " ,  C i r c u l a r  Number 5 7 ,  Na- 
t i o n a l  Sand and G r a v e l  A s s o c i a t i o n ,  Washington,  DC, 1954. 

F u g i t i v e  Dust  Assessment  a t  Rock and Sand F a c i l i t i e s  i n  the South  
Coas t  Air B a s i n ,  Southern  C a l i f o r n i a  Rock Products  A s s o c i a t i o n  and 
Southern  C a l i f o r n i a  Ready Elix Concre te  A s s o c i a t i o n ,  S m t a  EIonica,  CA, 
November 1 9 7 9 .  

C .  Cowherd, J r . ,  e t  al., Development o f  Emiss ion  F a c t o r s  f o r  F u g i t i v e  
Dust  S o u r c e s ,  E P A - & 5 0 / 3 - 7 4 - 9 3 7 ,  U. S .  Environmental  P r o t e c t i o n  Agency, 
Research  T r i a n g l e  P a r k ,  NC, June 1974. 

R.  Bohn, e t  a l . ,  F u g i t i v e  Emissions from I n t e g r a t e d  Iron 3ni l  S t e e l  
P l a n t s  , EP~-600;2-78-O50, C .  S .  tnvi ronmet i ta l  P r o t e c t i o n  Agency, 
U a s h i n g t o n ,  DC, lYarch 1978. 

Elinera1 Products  I n d u s t r y  6.13.1-3 
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Sources, Emrssions and Control, =A-450/3-74-036a, U .  S .  Environmental 
Protection Agency, Research Triangle Park,  N C ,  June 1976. 
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c SECTION 111 

SAND AND GRAVEL PROCESSING 

F o r  purposes of e s t i m a t i n g  e m i s s i o n s  we have expanded T a b l e  8.19.1-1 as f o l l o w s :  

a:bT T o t a l  
c2.5 um P a r t .  Uncontrol led Dry Operation TSP e 3 0  um) e 1 5  um e10 um c5 um 

Continuous drop 0 
Transfer  s tat ion ( l b / T )  0.0223 0.0142 0.0107 0.0061 0.0032 0 .029  

S t a c k e r  ( l b / T )  0 .13  0.083 0.06 0.0355 0.0186 0 . 1 6 9  

Batch Drop a ( l b / T )  0.056 0.02 0.0024 0 . 0 0 1 5  0 .0009 0.24 

Storage P i l e  @ 

Active  ( l b / a c r e / d a y )  13 .2  8.7 6.3 4.2 2.4 18.0 

I n a c t i v e  ( l b / a c r e / d a y )  3.5 2.3 1.7 1.1 0 .6  4.8 

Mix (1 b/acre/day) 10.4 6. a 5.0 3.3 1 .9  1 4 . 2  

-~ ~ ~ ~~~ ~ -~ 

Haul Trucks 3 (lb/VMT) 33.0 13.3 3.1 1 . 9  1.1 52.0  

Crushing, s c r e e n i n g  & 
handling @ Neg . Neg . Neg . Neg . Neg . Neg . 
L i g h t  Duty V e h i c l e s  See Unpaved Roads S e c t i o n  V I .  

0 C a l c u l a t e d  u s i n g  same m u l t i p l i e r s  o r  p r o p o r t i o n s  as found i n  t a b l e  11.2.3-2 i n  
S e c t i o n  VI11 on Aggregate Handling and S t o r a g e  Piles. 

Assume part ic le  s i z e  d i s t r i b u t i o n  similar t o  b a t c h  drop ( S e c t i o n  VIII) s i n c e  
entrainment  due most ly  t o  wind and n o t  a mechanical  a c t i v i t y -  

Use p a r t i c l e  s i z e  m u l t i p l i e r s  from S e c t i o n  VI Unpaved Roads. I n  t h i s  c a s e  w i l l  have 
t o  use p r o p o r t i o n s  s i n c e  g i v e n  10 urn v a l u e  does n o t  conform t o  g i v e n  m u l t i p l i e r .  

0 

0 

Q N e g l i g i b l e .  Material i s  usually m o i s t .  However, u n t i l  we r e c e i v e  a S e c t i o n  8 .19 .2  
from EPA for purposes of  dry p r o c e s s i n g ,  o r  when e s t i m a t i n g  e m i s s i o n s  from 
p r o c e s s i n g  o n l y ,  use  t h e  v a l u e s  g i v e n  f o r  s t o n e  quarrying and a p p l y  moisture  
c o r r e c t i o n s  . 

-20- 



SECTION IV 

I 

Uncontrolled Settled out 
totala in plant, 

Type of process Ib/ton kg/MT % - 
Dry crushing operationsbec 

Primary crushing 0.5 0.25 80 
Secondary crushing and screening 1 .E 0.75 60 
Tertiary crushing and 6 3 40 

Recrushing and screening 5 2.5 50 
Fines mill 6 3 25 

screening (if used) 

Miscellaneous operationsd 
Screening, conveying, 2 1 

and handlingC 
Storage pile iosses' 

8.20 STONE QUARRYING AND PROCESSING 

Suspended 
emission 

IbJton kg/MT 

0.1 0.05 
0.6 0.3 
3.6 1.8 

2.5 1.25 
4.5 2.25 

8.20.1 Process Description 1 

Rock and crushed stone products are loosened by drilling and blasting them from their deposit bedsand are 
%kZoved with the use of heavy earth-moving equipment. This mining of rock is done primarily in open pits. The 
use %f pneumatic drilling and cutting, as well as blasting and transferring, causes considerable dust formation. 
Further processing includes crushing, regrinding, and removal of fines.' Dust emissions can occur from all of 
these operations, as well as from quarrying, transferring, loading, and storage operations. Drying operations, when 
used, can also be a source of dust emissions. 

8.20.2 Emissions' 

As enumerated above, dust emissions occur from many operations in stone quarrying and processing. Although 
a big portion of these emissions is heavy particles that settle out within the plant, an attempt has been made to 
estimate the suspended particulates. These emission factors are shown in Table 8.20-1. Factors affecting emissions 
include the amount of rock processed; the method of transfer of the rock; the moisture'content of the raw 
material; the degree of enclosure of the transferring, processing, and storage areas; and the degree to which 
control equipment is used on the processes. 

1: 2/75 Mineral Products Industry 8.20- I 

f 

L 

1 

! 

I 

. .  

1 
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SECTION IV 

STONE QUARRYING AND PROCESSING 

Emiss ions  i n  l b s / T  - assumes a m o i s t u r e  c o n t e n t  o f  l ess  t h a n  41: ( S e e  S e c t i o n  VI 

Activi ty  c30 C15 um(D <lo u m a  C 5  u m a  C2.5 umQ) 

0.043 0 .028  0.01 0.0025 Primary Crushing 0.1 (1) 

Secondary Crushing 0.6 (1) 0 .258  0.168 0.06 0 . 0 1 5  

T e r t i a r y  Crushing 3.6 (1) 1.548 1.008 0.36 0.09 

Recrush  61 S c r e e n i n g  2 .5  (1) 1 . 0 7 5  0.7 0.25  0.0625 

F i n e s  Mill 

S c r e e n i n g  
‘.I 

4.5 (1)  1 935 1 . 2 6  0.45 0.1125 

0 . 2  ( 6 )  0.086 0 056 0.02 0.005 

C o r r e c t i o n s  a for h i g h  m o i s t u r e ,  e - g . ,  > 4% - 
A c t i v i t y  C o r r e c t i o n  

Primary Crush F a c t o r  X - 0 4  

Secondary 

A l l  o t h e r  p r o c e s s  

F a c t o r  X .02 

F a c t o r  X . 15  

a Used par t i c le  s i z e  d i s t r i b u t i o n  provided i n  Metallic ? ! inera ls  P r o c e s s l z ;  
S e c t i o n  V f o r  TSP and < l o  um and e x t r a p o l a t e d  t o  g e t  remain ing  sizes k:.‘ 
using  t h e  a v e r a g e  o f  t h e  c o a l  mining s i z e  d i s t r i b u t i o n s  (Ap?endis -4:. T. .. 
r e a s o n  for t h i s  was that the r e l a t i o n s h i p  o f  t h e  TSP t o  <10 uc! f o r  
m o i s t u r e  o r e  was c l o s e r  than  t h a t  f o r  t h e  o t h e r  a c t i v i t i e s .  

.. - 

t 
Q, Derived  from v a l u e s  g i v e n  i n  S e c t i o n  V. 
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8.23 MET.4LLIC MINERALS FROCESSIX 

8.23.1 P r o c e s s  Description'- '  

Metallic m i n e r a l  p r o c e s s i n g  t : ? p i c a l l y  involves t h e  mining of o r e ,  
e i t h e r  from open pit o r  underground m i n e s ;  t h e  c r u s h i n g  and g r i n d i n g  o f  o r e ;  
t h e  s e p a r a t i o n  o f  v a l u a b l e  m i n e r a l s  from matrix rock through v a r i o u s  concen- 
t r a t i o n  s t e p s ;  and at  some o p e r a t i o n s ,  t h e  d r y i n g ,  c a l c i n i n g  o r  p e l l e t i z i n g  
of c o n c e n t r a t e s  t o  ease f u r o h e r  handl ing  and r e f i n i n g .  
g e n e r a l  flow diagram f o r  metallic m i n e r a l  p r o c e s s i n g .  
m i n e r a l  p r o c e s s i n g  fac i l i t i es  w i l l  c o n t a i n  a l l  o f  t h e  o p e r a t i o n s  d e p i c t e d  i n  
t h i s  F i g u r e ,  b u t  a l l  fac i l i t ies  o i l 1  u s e  at least some of t h e s e  o p e r a t i o n s  
i n  t h e  p r o c e s s  o f  s e p a r a t i n g  va lued  m i n e r a l s  from t h e  nat r ix  r o c k .  

F i g u r e  8.23-1 i s  a 
Very few metallic 

The number of c r u s h i n g  steps n e c e s s a r y  to reduce  ore t o  t h e  p r o p e r  s ize  
w i l l  v a r y  w i t h  t h e  t y p e  o f  o r e .  Hard o r e s ,  i n c l u d i n g  some c o p p e r ,  g o l d ,  i r o n  
and molybdenum o r e s ,  may r e q u i r e  as much as a t e r t i a q  c r u s h i n g .  S o f t e r  
ores, such as some uranium, b a u x i t e  and t i t a n i u m / z i r c o n i u m  o r e s ,  r e q u i r e  
l i t t l e  o r  no c r u s h i n g .  F i n a l  comminution o f  b o t h  hard  and s o f t  o r e s  i s  o f t e n  
accomplished by g r i n d i n g  o p e r a t i o n s  u , t n g  media such as b a l l s  or roCs o f  var- 
ious materials. 
which reduces  p a r t i c u l a t e  e m i s s i o n s  t3  n e g l i g i b l e  l e v e l s .  Glen dry grinding 
processes are used,  p a r t i c u l a t e  e m i s s i o n s  can  b e  c o n s i d e r a b l e .  

Grinding is most o f t e n  performed w i t h  an o r e / w a t e r  s l u r T j t ,  

After f i n a l  s ize  r e d u c t i o n ,  t h e  b e n e f i c i a t i o n  o f  t h e  o r e  i n c r e a s e s  t h e  
c o n c c n t r a t i o n  o f  v a l u a b l e  m i n e r a l s  by s e p a r a t i n g  them from t h e  matrix r o c k .  
A variety o f  p h y s i c a l  and c h e m i c a l  prccp_sses i s  use? tc c o n c e n t r a t e  t h e  
minera l .  
aqueous environment which e l i m i n a t e s  particulate e z i s s i o n s ,  a l t h o u g n  some 
f e r r o u s  and t i t a n i f e r o u s  m i n e r a l ;  r re  s a p a r a t e d  by n a g n e t i c  zr elecztcstat ic  
methods i n  a dry  environment. 

Most o f t e n ,  p h y s i c a l  o r  c h e m i c a l  s e p a r a t i o n  i s  performed in an 

The c o n c e n t r a t e d  m i n e r a l  p r o d u c t s  m y  be d r i e d  t o  remove s u r f z c e  
n o i s t u r e .  DryiDg i s  most f r e q u e n t l y  done i n  n a t u r a l  g a s  f i r e d  r o t a r l ;  
d r y e r s .  C a l c i n i n g  o r  p e l l e t i z i n g  o f  some p r o d u c t s ,  such as zlczins or ircr. 
c o n c e n t r a t e s ,  are a l s o  perforned.  h i s s i c n s  Eron c a l c i n i n g  and ?eile:izing 
o p e r a t i o n s  are not covered  i n  t h i s  S e c t i o n .  

8.23 .? P r o c e s s  

P a r t i c u l a t e  e m i s s i o n s  r e s u l :  from s e t a i l i c  m i n e r a l  plar.: c p e r e = f c n s  . 
such 2s c r u s h i n g  and dry g r i n d i n g  o f  o r e ;  dry ing  of ccncen : razcs ;  s :2rinc 

materials; and l o a d i n g  of f i n a l  prodcc:s fo r  shipne::c. Far:::-:& 1% e r . L s ~ i m  
f a c t o r s  are provided in T a b l e  13.23-1 for v a r i o u s  ne:z,,ic zi-.tzrlrl 7 i Z Z t t S S  

o p e r a t i o n s ,  i n c l u d i n g  p r i n a q ,  secondary snd t e r t i a r y  crus?:ng; 27: g z i n c f n g ;  
d r y i n g :  and material handl ing  and t r a n s f t r .  F u g i t i v e  caisslccs are r l s o  
p o s s i b l e  from r o a d s  and open s t o c k T i l e s ,  f z c c o r s  f p r  wki:h a r e  i n  Sdct ior .  
11.2. 

* and r e c l a i m i n g  o f  o r e s  and c o n c e a t r a t e s  from s t o r a g e  b i n s ;  t r a n s f e r  of  

.- 
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F i g u r e  8.23-1. A metall lc  m i n e r a l  p r o c e s s i n g  p l a n t ,  

“File anlssion f a c t o r s  i n  T a b l e  8.23-1 are f o r  t h e  p r o c e s s  o p e r a t i o n s  as 
a whole. 
w i l l  r e q u i r e  several t y p e s  o f  equipment. 
w i l l  i n c l u d e  a hopper o r  o r e  dump, s c r e e n ( s ) ,  c r u s h e r ,  s u r g e  bin, apron 
f e e d e r ,  and conveyor b e l t  t r a n s f e r  p o i n t s .  Enissions f r o n  t h e s e  v a r i o u s  
pieces of equipoent  are o f t e n  ducted t o  a s i n g l e  c o n t r o l  d e v i c e .  
s f o n  f a c t o r s  provided i ? r  T a b l e  8.23-1 for p r f m a r y ,  secondary  and tertiary 
c r u s h i n g  o p e r a t i o n s  are for p r o c e s s  u n i t s  t h a t  are t y p i c a l  arrangements of 
t h e  rbove  equipment. 

A t  most meraliic m i n e r a l  p r o c e s s i n g  p l a n t s ,  e a c h  p r o c e s s  o p e r a t i o n  
A single c r u s h i n g  o p e r a t i o n  l i k e l y  

The enis- 

Secondary 

Crus h e r s  Crus h e r s  

Pr imary  

Crushers  

Enission factors are provided i n  T a b l e  8.23-1 f o r  rwo types o f  dry 
g r i n d i n g  opera:icna, chose  g r i n d i n g  o p e r a t i o n s  t h a t  i n v o l v e  a i r  conveying 
a n d l o r  air c l a s s i f i c a t i o n  of material and t h o s e  t h a t  i n v o l v e  s c r e e n i n g  of 
material wittrout air corzreying. 
conveying and air c l a s s i f i c a t i o n  u s u l l y  r e q u i r e  dr)t c y c l o n e s  f o r  e f f i c i e n t  
product r e c o v e r y .  
product r e c o v e r y  c y c l o n e s .  G r i n d e r s  in c l o s e d  c i r c u i t  w i t h  s c r e e n s  u s u a l l y  
do n o t  r e q u i r e  c y c l o n e s .  Emiss ion  f a c t o t s  are not provided f o r  vet g r i n d e r s ,  
b e c a u s e  the h i g h  m o i s t u r e  c o n t e n t  in t h e s e  o p e r a t i o n s  can reduce  e m i s s i o n s  
:o n e g l i g i b l e  levels.  

Grinding o p e r a t i o c s  t h a t  i n v o l v r z - a i r  

The f a c t o r s  I n  T a b l e  8.23-1 are f o r  e a i s s i o n s  a f t e r  

t 

Product  - 
Loadout 

- Dryers 4 Bene f icfat i o n  
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The e m i s s i o n  f a c t o r s  for d r y e r s  i n  T a b l e  8.13-1 i n c l u d e  t r a n s f e r  p o i n t s  
i n t e g r a l  w i t h  the d r y i n g  o p e r a t i o n .  
for d r y e r s  a t  t i t a n i u m / t i r c o n i u m  p l a n t s  t h a t  u s e  d r y  c y c l o n e s  for product  
r e c o v e r y  and for e m l s s i o n  c o n c r o l .  T i tan ium/z i rconium sand type ores do n o t  
r e q u i r e  c r u s h i n g  or g r i n d i n g ,  and t h e  o r e  is washed t o  remove humic and c l a y  
material b e f o r e  c o n c e n t r a t i o n  and d r y i n g  o p e r a t i o n s .  

A t  some metallic m i n e r a l  p r o c e s s i n g  p l a n t s ,  material is s t o r e d  i n  

A separate e m i s s i o n  f a c t o r  i s  provided 

e n c l o s e d  b i n s  between process o p e r a t i o n s .  The e m i s s i o n  factors provided in 
T a b l e  8.25-1 for the h a n d l i n g  and t r a n s f e r  o f  material should  b e  a p p l i e d  t o  
t h e  l o a d i n g  o f  m a t e r i a l  i n t o  storage b i n s  and t h e  t r a n s f e r r i n g  o f  material 
from t h e  b i n .  
operation, o n c e  for  t h e  l o a d i n g  o p e r a t i o n  and o n c e  f o r  t h e  r e c l a i m i n g  oper- 
a t i o n .  If naterfal is s t o t s d  a t  m u l t i p l e  p o i n t s  in t h e  p l a n t ,  t h e  e m i s s i o n  
factor should  b e  a p p l i e d  t o  e a c h  o p e r a t i n n  and s h o u l d  a p p l y  t o  t h e  m a t e r i a l  
b e i n g  s t o r e d  a t , e a c h  b i n .  
a p p l y  t o  small hoppers, s u r g e  b i n s  o r  t r a n s f e r  p o i n t s  that are i n t e g r a l  v i t h ,  
c r u s h i n g ,  d r y i n g  o r  g r i n d i n g  o p e r a t i o n s .  

The e m i s s i o n  factor w i l l  u s u a l l y  b e  a p p l i e d  twice t o  a storage 

The material h a n d l i n g  and transfer factors do n o t  

A t  some large metallic m i n e r a l  p r o c e s s i n g  p ' l a n t s ,  e x t e n s i v e '  material 
t r a n s f e r  o p e r a t i o n s ,  v i t h  numerous conveyor  b e l t  transfer p o i n t s ,  may be 
r e q u i r e d .  The e m i s s i o n  € a c t o r s  f o r  material h a n d l i n g  and t r a n s f e r  should  b e  
a p p l i e d  t o  each t r a n s f e r  p o i n t  t h a t  i s  n o t  an i n t e g r a l  p a r t  of a n o t h e r  
p r o c e s s  u n i t .  
t r a n s f e r  p o i n t  and should b e  based  on t h e  a m u n t  o f  material t r a n s f e r r e d  
through t h a t  p o i n t .  

These  e m i s s i o n  factors s h o u l d  b e  a p p l i e d  t o  e a c h  such  conveyor 

The e c i s s i u n  f a c t o r s  for rnateriai h a n d l i n g  c a n  also be a p p l i e d  t o  f i n a l  
product  l o a d i n g  for: s h i p a c c t .  
e a c h  t r a n s f e r  p o i n t ,  o r e  d m p  o r  ocher p o i n t  where material is a l l o w e d  to  
f a l l  f r e e l y .  

Again,  t h e s e  f a c t o r s  s h o u l d  b e  a p p l i e d  t o  

T e s t  d a t a  c o l l e c t e d  i n  the r e i n e r a i  p r o c e s s i n g  i n d u s t r i e s  i n d i c a t e  thnc 
t h e  m o i s t u r e  c o n t e n t  o f  o r e  c2n nave a sizaificant e f fec t  on e z i s s i o n s  from 
s e v e r a l  p r o c e s s  o p e r a t i o n s .  U g h  m o i s t u r e  g e n e r a l l y  r e d u c e s  t h e  uncon- 
t r o l l e d  e m i s s i o n  rates,  and s e p a r a t e  e n i s s L o n  r a c e s  a r e  provided f o r  primary 
c r u s h e r s ,  secondary  c r u s h e r s ,  tertitr:: c t u s h e z s ,  and nater ia l  handl ing  and 
transfer o p e r a t i o n s  t h a t  p r o c e s s  h i g h  colsture o r e .  Drying and d r y  g r i n d i n g  
o p e r a t i o n s  are assumed t o  produce or t o  fr.*:o?-.-e o n l y  low m o i s t u r e  material. 

For most metallic m i n e r a l s  co=.erzr! 13 ;his S e c t i o n ,  h i g h  m o i s t u r e  o r e  
is d e f i n e d  as o r e  vhose  c o i s c u r c  cm:er.f, as z e i s c r e d  a t  :he pr imary  c r u s h e r  
i n l e t  o r  a t  the mine, i s  h ~ e i g h c  -,er=fn: CY g r z a r e r .  Ore d e f i n e d  as h i g h  
m o i s t u r e  a t  t h e  pr imary  c r u s h e r  is o r e s ~ ~ o - l  r_t 32 h i g h  m o i s t u r e  o r e  a t  a)' 
subsequent  o p e r a t i o n  for  unici? h i s i t  noisrzre izitors zre p r c v i d e d ,  u n l e s s  a 
d r y i n g  o p e r a t i o n  p r e c e d e s  the o?eratizi  under c c c s i d e r a t i o n .  
as lot. m o i s t u r e  when a d r y e r  p r e c e d e s  th? c p e r a c i o n  under c o n s i d e r a t i o n  o r  
when t h e  ore m o i s t u r e  a t  t h e  n i n e  o r  pricary c r u s h e r  i s  l ess  than 4 v e i g h t  
percent. 

Ore is d e f i n e d  

S e p a r a t e  f a c t o r s  are provided f c r  tas:l:e h a n d l i n s  o p e r a t i o n s ,  in that  
some t y p e s  of S a u x i t e  w i t h  a m o i s t u r e  C S C Z O T ~ :  2s h i g h  as 15 :o 18 weight  
p e r c c n t  c a n  s t i l l  produce r e l a t i v e l y  hi:? cmisr?i~p.s dur ing  ~ t e r i a l  handl ing  

0 
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procedures.  These e m i s s i o n s  could be  e l i m i n a t e d  by adding s u f f i c i e n t  mois- 
t u r e  t o  the ore, but  b a u x i t e  t h e n  becomes so s t i c k y  t h a t  i t  i s  d i f f i c u l t  t o  
handle. Thus, t h e r e  i s  some advantage t o  keeping bauxite i n  a r e l a t i v e l y  
d u s t y  s t a t e ,  and the low mois ture  emiss ion  f a c t o r s  g i v e n  r e p r e s e n t  condi-  
t i o n s  f a i r l y  t y p i c a l  o f  t h e  i n d u s t r y .  

P a r t i c u l a t e  matter s ize  d i s t r i b u t i o n  d a t a  f o r  some p r o c e s s  o p e r a t i o n s  
have been o b t a i n e d  f o r  c o n t r o l  d e v i c e  i n l e t  streams. S i n c e  t h e s e  i n l e t  
streams c o n t a i n  p a r t i c u l a t e  matter from s e v e r a l  ac t iv i t i es ,  a v a r i a b i l i t y  
has  been a n t i c i p a t e d  i n  t h e  c a l c u l a t e d  size speci f ic  emiss ion  factors f o r  
p a r t i c u l a t e s .  

Emission f a c t o r s  f o r  p a r t i c u l a t e  matter equal t o  o r  less than 1Oum 
aerodynamic d i a c e t e t ,  from a l i m i t e d  number of tests performed t o  charac- 
terize t h e  p r o c e s s e s ,  are p r e s e n t e d  i n  T a b l e  8.23-1. 

I n  some p l a n t s ,  p a r t i c u l a t e  e m i s s i o n s  from m u l t i p l e  p i e c e s  of equipment 
and o p e r a t i o n s  are c o l l e c t e d  and ducted t o  a c o n t r o l  d e v i c e .  
examination o f  r e f e r e n c e  documents i s  recommended b e f o r e  a p p l i c a t i o n  o f  t h e  
f a c t o r s  t o  specific p l a n t s .  

There fore ,  

Emission f a c t o r s  f o r  p a r t i c u l a t e  matter equal t o  o r  less than l O u m  from 
high n o i s t u r e  pricary c r u s h i n g  o p e r a t i o n s  and material handling and transfer 
o p e r a t i o n s  were based on test r e s u l t s  u s u a l l y  in t h e  30 t o  40 treight p e r c e n t  
range. However, high v a l u e s  vere o b t a i n e d  f o r  h i g h  m o i s t u r e  o r e  at b o t h  t h e  
prizlary c r u s h i n g  znd t h e  material handling and t r a n s f e r  o p e r a t i o n s ,  and 
t h e s e  were included i n  t h e  average v a l u e s  i n  t h e  Table .  
range o c c u r r e l  i n  t h e  low a o i s t u r e  dry ing  o p e r a t i o n .  

A similarly wide 

S e v e r a l  a t h e r  f a c t o r s  are g e n e r a l l y  assumed t o  affect t h e  l e v e l  o f  
e m i s s i o n s  f r o z  a p a r t i c u l a r  p r o c e s s  o p e r a t i o n .  
i s t i cs  such as hardness ,  crystal and g r a i n  s t r u c t u r e ,  and f r i a b i l i t y .  
EquiFment desigr. c h a r a c t s r i s t i c s ,  such as c r u s h e r  type, could  a l s o  af fect  
the e m i s s i o n s  l e v e l .  
o f  c h e s s  v a r i a b l e s .  

These i n c l u d e  o r e  c h a r a c t e r -  

A t  this the, d a t a  are n o t  s u f f i c i e n t  t o  q u a n t i f y  each 

8.23.3 C o n t r o l l e d  ~ a i s s i o n s " 9  

Erissiocs frct: zetal l ic  m i n e r a l  p r o c e s s i n g  p l a n t s  are usually c o n t r o l l e d  
v i t h  wet s c r u b b e r s  or  baghouses. F o r  moderate t o  heavy u c c o n t r o l l e d  enis- 
s i c n  rates fr3z c)TL=al dry  o r e  o p e r a t i o n s ,  d r y e r s  and dry  g r i n d e r s ,  a wet 
sczu5ber  c i : k  7 r c z ~ c r e  drop o f  1.5 t o  2.5 k i l o p a s c a l s  (6 t o  10 i n c h e s  o f  
u a t e z )  w i L l  redcce e z i s s i o n s  by approximately 95 percen:. With v e r y  low 
u n c o n t r o l l e d  eaission races t y p i c a l  o f  h igh  m o i s t u r e  c o n d i t i o n s ,  t h e  
p e r c e n t a g e  r e d u c t i o n  vi11 be lower (approximate ly  7 0  p e r c e n t )  

Over c vide : ~ r . ~ : a  of fnlct  mass l o a d i n g s ,  awe11 des igned and n a i n -  

Such baghouses t e s t e d  in t h e  m i n e r a l  p r o c e s s i n g  i n d u s t r y  
t a i n e d  bor,n?us;e L-L~: reduce emiss ions  t o  a r e l a c f v e l y  c o n s t a n t  o u t l e t  
c o n c e n t r a t i c n .  
c o n s i s t e n t l y  reduce e m i s s i o n s  t o  less than 0.05 g r m s  p e r  dry  s tandard  c u b i c .  
n e t z r  (0.02 g r a i n s  per d r y  standard c u b i c  f o o t ) ,  w i t h  an average c o n c e n t r a -  
t i o n  or' 0.015 gidscz (0.006 sr /dscf ) .  Under c o n d i t i o n s  o f  moderate t o  h i g h  
u n c o n t r o l l e d  e z i s s i t n  r3ces o f  t y p i c a l  dry  o r e  f a c i l i t i e s ,  t h i s  l e v e l  cf 

?!inern1 ?roducts  Lndus:?y 
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c o n t r o l l e d  emiss ions  r e p r e s e n t s  g r e a t e r  than 99 pe 
.- 

removal of partic-  
u l a t e  emiss ions .  Because baghouses reduc, emissions'  to a relatively c o n s t a n t  
o u t l e t  c o n c e n t r a t i o n ,  percenrage emiss ion r e d u c t i o n s  would b e  less f o r  
baghouses on fac i l i t ies  w i t h  a low l e v e l  o f  u n c o n t r o l l e d  emiss ions .  
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SECTION VI 

11.2.1 UNPAVED ROADS 

11 .2 .1 .1  General  

I 
I 
1 
II 
1 
1. 
I 
I 

D u s t  plumes t r a i l i n g  behind v e h i c l e s  t r a v e l i n g  on unpaved roads  a r e  a 
When a v e h i c l e  t r a v e l s  

P a r t i c  es are l i f t e d  and dropped from t h e  
exposed t o  s t r o n g  a i r  c u r r e n t s  i n  

famil iar  s i g h t  i n  r u r a l  a r e a s  of t h e  United S t a t e s .  
an unpaved road ,  t h e  f o r c e  o f  t h e  whee's on t h e  road s u r f a c e  causes  p u l -  
v e r i z a t i o a  o f  s u r f a c e  m a t e r i a l .  
r o l l i n g  wheels, and t h e  road s u r f a c e  
t u r b u l e n t  s h e a r  wi th  t h e  sur face .  T' t u r b u l e n t  wake behind t h e  v e h i c l e  
cont inues  t o  act  on t h e  road s u r f a c e  . e r  t h e  v e h i c l e  has passed.  

11.2.1.2 Emissions and C o r r e c t i o n  Pal ieters 

The q u a n t i t y  o f  d u s t  emiss ions  i am a given  segment o f  unpaved road 
v a r i e s  l i n e a r l y  wi th  t h e  volume of  t . f f ic .  A l s o ,  f i e l d  i n v e s t i g a t i o n s  
have shown t h a t  emiss ions  depend on c r r e c t i o n  parameters  (average v e h i c l e  
speed,  average v e h i c l e  weight ,  avera j  number o f  wheels p e r  v e h i c l e ,  road 
s u r f a c e  t e x t u r e  and road s u r f a c e  mois gre )  t h a t  c h a r a c t e r i z e  t h e  c o n d i t i o n  
of a p a r t i c u l a r  road and t h e  aissociatr f v e h i c l e  traffic."'  

Dust emiss ions  from unpaved roa '; have been found t o  vary i n  d i r e c t  
propor t ion  t o  t h e  f r a c t i o n  o f  s i l t  (, a r t i c l e s  s m a l l e r  than  75 micrometers 
i n  diameter)  in t h e  road s u r f a c e  mat zria1.I The s i l t  f r a c t i o n  is d e t e r -  
mined by measuring t h e  p r o p o r t i o n  of l o o s e  d r y  s u r f a c e  d u s t  t h a t  p a s s e s  a 
200 mesh screen, u s i n g  t h e  ASTH-C-136 method. T a b l e  11.2.1-1 sunmrarizes 
measured s i l t  va lues  f o r  i n d u s t r i a l  and r u r a l  unpaved roads.  

TABLE 11.2.1-1.  TYPICAL SILT CONTENT VALUES OF SUR€ACE MATERIALS ON 
INDUS1ZIAL AM3 RURAL UNPAVED ROADSa 

Industry  Road use  o r  No. o f  t e s t  si1 t (%) 
s u r f a c e  m a t e r i a l  samples Range Mean 

I ron  and s t e e l  

r a c o n i t e  mining and 
production P 1 an t road 13 4.3 - 13 7.3 

F r o c e s s  ing Haul road 12 3.7 - 9 . 7  5 . 8  
S e r v i c e  road 8 2.4 - 7.1  ' L . 3  

4.9 * 5.3 5 .1  mining  Access road A. 

Haul road 21 2.8 - 18 6.4 
S c r a p e r  road 10 7.2 - 25 17 
Haul road 5 18 - 29 24 

rr 

Western s u r f a c e  c o a l  
9 

( f res t i ly  graded) 
Rural  roads Gravel 2 12 - 13 12 

Dirt 1 68 

a 

- J, 'a7 
References  1-9. 
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The s i l t  c o n t e n t  o f  a r u r a l  d i r t  road w i l l  v a r y . w i t h - l a t a t h ; ' a n d  i t  * *  

should be measured. A s  a c o n s e r v a t i v e  approximation,  t h e  silt content o f  
t h e  p a r e n t  soil in the a r e a  can be used.  However, t es t s  show t h a t  road 
s i l t  c o n t e n t .  is normally Lover than the  surrounding p a r e n t  s o i l ,  because 
the f i n e s  a r e  c o n t i n u a l l y  removed by the v e h i c l e  t r a f f i c ,  l e a v i n g  a higher 
p e r c e n t a g e  of c o a r s e  part ic les .  

Unpaved roads have a hard noinporous s u r f a c e  t h a t  u s u a l l y  d r i e s  q u i c k l y  
The temporary r e d u c t i o n  i n  emiss ions  because  o f  p r e c i p i -  a f t e r  a r a i n f a l l .  

t a t i o n  may be accounted f o r  by n e g l e c t i n g  e m i s s i o n s  on "wet" days [more 
than 0.254 ppll (0.01 i n .  1 o f  p r e ~ i ~ p i t a t i o n ) .  

11.2.1.3 P r e d i c t i v e  Emiss ion  F a c t o r  Equat ions  

The fo l lowing  e m p i r i c a l  e x p r e s s i o n  may b e  used t o  estimate t h e  quan- 
t i t y  of size s p e c i f i c  p a r t i c u l a t e  emiss ions  from an unpaved road ,  p e r  ve- 
h i c l e  u n i t  of  t r a v e l ,  wi th  a rati .ng o f  A: 

where: E =: emiss ion  f a c t o r  
k = p a r t i c l e  s ize m u l t i p l i e r  (d imens ionless )  
s = s i l t  c o n t e n t  of road s u r f a c e  material (%I 
S = mean v e h i c l e  speed ,  b / h r  (mph) 
W = mean v e h i c l e  wexght, Hg ( t o n s )  
w = mean number of wheels 
p = number o f  days v i t h  a t  least  0.254 mm (0.01 in.) of pre-  

. c i p i t a t i o n  p e r  year 

The p a r t i c l e  s ize m u l t i p l i e r  (k) i n  Equat ion 1 varies wi th  aerodynamic par-  
t i c l e  size range as follows: 

a 

Aerodynamic P a r t i c l e  S i z e  H u l t i p l e r  
f o r  Equat ion 1 

< 30 pm < 15 pm < 10 pm C 5 pm < 2.5 pm 

0.80 0 . 5 7  0 . 4 5  0.28  0.16 

The number o f  wet days p e r  y e a r  (p) f o r  t h e  geographica l  a r e 3  o f  i n -  
t e res t  should be  determined from l o c a l  climatic d a t a .  F i g u r e  1 1 . 2 . 1 - 1  
g i v e s  the geographica l  d i s t r i b u t i o n  of t h e  mean annual number of wet days 
p e r  y e a r  i n  t h e  United S t a t e s .  

Equat ion 1 r e t a i n s  t h e  ass igned q k a l i t y  ra t ing  i f  a p p l i e d  w i t h i n  t h e  

c ranges of  s o u r c e  c o n d i t i o n s  t h a t  were tested i n  developing t h e  e q u a t i o n ,  as  
follows : 

11.2.1-2 EMI!SS ION FACTORS 5/E3 
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I 
I 
I 
I 
I 
1 
I 
1 
I 
I 

I 
I 
1 
1 
1 
1 
.I 
1 

a 

Range o f  Source Condit ions  far  Equation 1 '- - *  . UI 

Road 
s u r f a c e  

s i l t  Mean v e h i c l e  Hean v e h i c l e  Mean 
c o n t e n t  weight  speed No. of 
(XI 4 t o n s  h/ hr mPh v b e e f  s 

4.3 - 20 2.7 - 142. 3 - 151 21 - 64 13 - 40 4 - 13 

A l so ,  t o  retain t h e  q u a l i t y  r a t i n g  of Equat ion  1 a p p l i e d  t o  a s p e c i f i c  
paved road, it i s  n e c e s s a r y  that  r e l i a b l e  c o r r e c t i o a  parameter  v a l u e s  
t h e  s p e c i f i c  road i n  q u e s t i o n  be detern ined .  The f i e l d  and l a b o r a t o r y  

. ... . 

. .  

un- 
€0 r 
p to -  

cedurcs  f o r  determining road s u r f a c e  s i l t  c o n t e n t  a t e  g iven  i n  Reference 4. 
I n  t h e  event that s i t e  specific v a l u e s  f o r  c o r r e c t i o n  parameters cannot  be 
o b t a i n e d ,  the a p p r o p r i a t e  mean values from T a b l e  11.2.1-1 may be! used,  but  
the quality r a t i n g  o f  t h e  e q u a t i o n  is reduced t o  B. 

Equation 1 was developed f o r  c a l c u l a t i o n  of annual  average e m i s s i o n s ,  
and t h u s ,  is t o  be m u l t i p l i e d  by annual  source e x t e n t  in v e h i c l e  d i s t a n c e  
t r a v e l e d  (VDT). Annual average  v a l u e s  for e a c h  of t h e  c o r r e c t i o n  param- 
eters are t o  b e  s u b s t i t u t e d  i n t o  t h e  equat ion .  Worst case e r n i s s i o c s ,  c o r -  
responding t o  dry road c o n d i t i o n s ,  may be  c a l c u l a t e d  by setting p = 0 ir 
Equat ion  1 (which i s  e q u i v a l e n t  t o  dropping t h e  l a s t  term from the equa- 
t i o n ) .  A s e p a r a t e  set  o f  n o n c l i m a t i c  c o r r e c t i o a  parameters  arxd a h i g h e r  
than  normal VDT v a l u e  may a l s o  be j u s t i f i e d  for t h e  wors t  case  averag ing  
p e r i o d  ( u s u a l l y  24 hours) .  S i m i l a r l y ,  t o  c a l c u l a t e  emiss ions  for a 9 1  day 
season  o f  t h e  year using Equat ioo  1, replace t h e  term (365-pJ!365 with  the 
term (91-p)/91, and set  p e q u a l  t o  t h e  number of wet days in the 91 day pe-  
riod. A l so ,  u s e  a p p r o p r i a t e  seasonal v a l u e s  f o r  t h e  n o n c l i m a t i c  c o r r e c t i o n  
parameters  and f o r  M T .  

11.2.1.4 Contro l  nethods 

Common c o n t r o l  techniques  for unpaved roads a r e  paving ,  surface t r e a t -  
i n g  with p e n e t r a t i o n  c h e m i c a l s ,  working s o i l  s t a b i l i z a t i o n  chemicals into 
t h e  roadbed, w a t e r i n g ,  and t r a f f i c  c o n t r o l  r e g u l a t i o n s .  Paving, 3s a ccn- 
t r o l  t e c h n i q u e ,  i s  often not economica l ly  p r a c t i c a l .  S u r f a c e  chtmica: 
t rea tment  and water ing  can  b e  accomplished with moderate t o  low cos t s ,  b u t  
f r e q u e n t  r e t r e a t m e n t s  a r e  required .  T r a f f i c  c o a t r o l s  such a s  s?eed l i n i t s  
aad t r a f f i c  volume r e s t r i c t i o n s  provide moderate emiss ion  reduc:ions but 
may be d i f f i c u l t  t o  e n f o r c e .  T a b l e  11.2.1-3 shows approximate c o n t r o l  ef- 
ficiencies a c h i e v a b l e  for each  method. Water ing ,  because  o f  t h e  f reqcencp  
of t rea tments  r e q u i r e d ,  is g e n e r a l l y  not  f e a s i b l e  f o r  p u b l i c  roads  a o l  1s  
e f f e c t i v e l y  used only where water  and water ing  equipment a r e  avzFiz5lc :.:I 

where roads a r e  conf ined  t o  a s i n g l e  s i t e ,  such as a c o n s t r u c e l o n  locsr:-r. 
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I 
1 
L. 
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TABLE 1 1 . 2 . 1 - 3 .  CONTROL METHODS FOR UNPAVED ROADS l 1  

Contro l  method 

Approximate 
c o n t r o l  

e f f i c i e n c y  
(XI 

Paving 
T r e a t i n g  s u r f a c e  wi th  p e n e t r a t i n g  

Working s o i l  stabilizing chemica ls  

Speed c o n t r o l  

chemi ca Is 

into  roadbe$ 

48 kph (30 mph) 
32 kph (20 mph) ' 

24 kph (15 mph) 

85 

50 

50 

25 
50 
63 

a Based on the assumption t h a t  "uncontro l led"  speed is 
t y p i c a l l y  64 kph (40  mph). Between 2 1  and 64 kph 
(13 and 40 mph), emiss ions  a r e  l i n e a r l y  p r o p o r t i o n a l  
t o  v e h i c l e  speed (see Equat ion 1 ) .  
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11.2.6 INDUSTRIAL PAVED ROADS 

11.2.6.1 General  

Various  f i e l d  s t u d i e s  have i n d i c a t e d  t h a t  d u s t  e m i s s i o n s  f r om  indus-  
t r i a l  paved roads a r e  a ma jor  component of atmospher ic  p a r t i c u l a t e  matter 
in t h e  v i c i n i t y  of i n d u s t r i a l  o p e r a t i o n s .  
found t o  c o n s i s t  p r i m a r i l y  of m i n e r a l  matter, mostly t r a c k e d  o r  d e p o s i t e d  
onto t h e  roadway by v e h i c l e  t ra f f i c  itself when v e h i c l e s  e n t e r  from an un- 
paved a r e a  o r  t r a v e l  on t h e  shoulder  of  t h e  r o a d ,  or when m a t e r i a l  is 
s p i l l e d  onto  t h e  paved s u r f a c e  from h a u l  t r u c k  t r a f f i c .  

I n d u s t r i a l  t r a f f i c  d u s t  has  been 

11.2.6.2 Emissioas and C o r r e c t i o n  Parameters  

The q u a n t i t y  of d u s t  emiss ions  from a given segment of paved road var- 
ies l i n e a r l y  wi th  t h e  volume of traffic.  In a d d i t i o n ,  f i e l d  i n v e s t i g a t i o n s  
have shown t h a t  e m i s s i o n s  depend on c o r r e c t i o n  parameters  ( road s u r f a c e  
s i l t  c o n t e n t ,  s u r f a c e  d u s t  loading  and a v e r a g e  v e h i c l e  weight)  of  a par-  
t i c u l a r  road and a s s o c i a t e d  v e h i c l e  t r a f f i c .  r - ~  

Dust emiss ions  from i n d u s t r i a l  paved roads have been found t o  vary in 
direct  p r o p o r t i o n  t o  t h e  f r a c t i o n  of  s i l t  ( p a r t i c l e s  < 75 pm in diameter) 
in t h e  road s u r f a c e  material.1'2 The s i l t  f r a c t i o n  is determined by mea- 
s u r i n g  t h e  p r o p o r t i o n  of l o o s e  d r y  s u r f a c e  d u s t  t h a t  p a s s e s  a 200 mesh 
s c r e e n ,  us ing  t h e  ASTH-C-136 method. In a d d i t i o n ,  it has  also been found 
t h a t  e m i s s i o n s  v a r y  i n  direc t  p r o p o r t i o n  t o  t h e  s u r f a c e  d u s t  loading."* 
The road s u r f a c e  d u s t  l o a d i n g  i s  t h a t  l o o s e  material which can b e  c o l l e c t e d  
by vacuuming and broom sweeping t h e  t r a v e l e d  p o r t i o n  o f  t h e  paved road.  
Table 11.2.6-1 summarizes measured s i l t  and l o a d i n g  v a l u e s  f o r  industrial 
paved roads. 

," 

i- 
TABLE 11.2.6-1. TYPICAL SILT CONTENT AND LOADING VALUES FOR 

PAVED ROADS AT IRON AM) STEEL PLAYTSa 

I 

Si1 t (f) Loading 
T r a v e l  Range Hean 

I ndus t ry  l a n e s  Range Mean kg/km Lb/mi k g / b  l b / m i  

Iron and 
s tee l  
p r o d u c t i o n  2 1 . 1  - 13 ~ 5 . 9  18 - 4,800 65 - 17,000 760 2,700 

a R e f e r e n c e s  1 - 3 .  Based on nine t e s t  samples. 

I:.. 
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. .  .. ,? d. . .' -- 11.2.6.3 P r e d i c t i v e  Emission F a c t o r  E q u a t i o n  

The q u a n t i t y  o f  p a r t i c u l a t e  e m i s s i o n s  g e n e r a t e d  by v e h i c l e  t r a f f i c  on 
d r y  i n d u s t r i a l  paved r o a d s ,  p e r  v e h i c l e  mile t r a v e l e d ,  may be estim:tted, 
w i t h  a r a t i n g  o f  B o r  D (see b e l o w ) ,  u s i u g  t h e  f o l l o u i n g  e m p i r i c a l  expres- 
s i o n :  

where: E = e m i s s i o n  f a c t o r  
k = p a r t i c l e  size m u l t i p l i e r  ( d i m e n s i o n l e s s )  (see below) 
I = industrial augmentat ion f a c t o r  ( d i m e n s i o n l e s s )  (see below) 
n = number of t r a f f i c  lanes 
I = surface m a t e r i a l  silt c o n t e n t  (X) 
L = s u r f a c e  d u s t  l o a d i n g ,  kg/km ( l b / m i l e )  (see below) 
W = average v e h i c l e  w e i g h t ,  blg ( t o n s )  

The p a r t i c l e  size m u l t i p l e r  (k) above v a r i e s  w i t h  aerodynamic size r a n g e  as 
follows : 

Aerodynamic P a r t i c l e  Size M u l t i p l i e r  (k) 
for E q u t i o n  1 

'I 

g 

0.86 0.64 0.5 2 0.32 0.17 

To d e t e r m i n e  p a r t i c u l a t e  emissions f o r  a specific p a r t i c l e  s i z e  r a n g e ,  use  
t h e  a p p r o p r i a t e  value o f  k shown above.  

The i n d u s t r i a l  road augmentat ion factor (I) i n  t h e  e q u a t i o n  t a k e s  i n t o  
a c c o u n t  h i g h e r  e m i s s i o n s  f rom i n d u s t r i a l  roads t h a n  f rom urban r o a d s .  I = 
7 . 0  for  an i n d u s t r i a l  roadway which t r a f f i c  e n t e r s  from unpaved a r e a s .  I = .  
3.5 f o r  an i n d u s t r i a l  roadway w i t h  unpaved s h o u l d e r s .  I = 1 . 0  f o r  c a s e s  i n  
which t r a f f i c  does  c o t  tta-:el unpaved aireas.  A v a l u e  o f  I between 1 .0  and 
7 .0  should  be used i n  t h e  e q u a t i o n  whi.ch best r e p r e s e n t s  c o n d i t i o n s  for 
patied rodds a t  a c e r t a i n  i n d u s t r i a l  f a c i l i t y .  

The e q u a t i o n  r e t a i n s  :he q u a l i t y  r z t i n g  of B i f  a p p l i e d  t o  v e h i c l e s  
t r a v e l i n g  e n t i r e l y  on paved s u r f a c e s  (1 = 1.0) and if a p p l i e d  w i t h i n  the 
range  of s o u r c e  c o n d i t i o n s  t h a t  were t e s t e d  i n  deve loping  t h e  e q u a t i o n  a s  
follows: 

L1.2.6-2 



c 
b 
I 
8 
I 
I 
L. 
E 
P 

Silt 
con t e n t  S u r f a c e  loading No. o f  Vehicle w e i g h t  

(%I k g / b  l b / m i  1 e l a n e s  fig t o n s  

5 . 1  - 92 42.0 - 2 ,000  149 - 7,100 2 - 4  2 . 7  - 12 3 - 13 

If I > 1 . 0 ,  t h e  r a t i n g  of t h e  equat ion  drops t o  D because  of t h e  a r b i t r a r i -  
ness  i n  t h e  g u i d e l i n e s  for e s t i m a t i n g  I .  

A l s o ,  t o  r e t a i n  t h e  q u a l i t y  r a t i n g s  of Equat ion  1 a p p l i e d  t o  a spe- 
c i f i c  i n d u s t r i a l  paved r o a d ,  i t  is necessary t h a t  r e l i a b l e  c o r r e c t i o n  pa- 
rameter v a l u e s  f o r  t h e  specific road i n  q u e s t i o n  be  determined.  The f i e l d  
and l a b o r a t o r y  procedures  f o r  determining s u r f a c e  m a t e r i a l  s i l t  c o n t e n t  and 
surface dust  Loading are g iven  i n  Reference 2 .  I n  the event  that s i t e  spe- 
c i f i c  v a l u e s  for c o r r e c t i o n  parameters cannot  be o b t a i n e d ,  t h e  a p p r o p r i a t e  
mean v a l u e s  from T a b l e  11.2.6-1 may be used ,  b u t  t h e  q u a l i t y  r a t i n g s  o f  t h e  
e q u a t i o n  are reduced by one l e v e l .  

R e f e r e n c e s  for S e c t i o n  11.2.6 

1.  R. Bohn, e t  a i . ,  F u g i t i v e  Emissions from I n t e g r a t e d  I r o n  and S t e e l  
P l a n t s ,  EPA-600/2-78-050, U. S .  Lnvironmental  P r o t e c t i o n  Agency, 
Research T r i a n g l e  Park, NC, March 1978. 

2 .  C .  Cowherd, Jr., e t  a l . ,  I r o n  and S t e e l  P l a n t  Open Dust Source  Fugi- 
t i v e  Emiss ion E v a l u a t i o n ,  EPA-600/2-79-103, U. S .  Environmental  Pro- 
t e c t i o n  Agency, Research  T r i a n g l e  P a r k ,  NC,  Hay 1979. 

3. R. Bohn, E v a l u a t i o n  o f  Open Dust Sources  i n  t h e  V i c i n i t y  o f  B u f f a l o ,  
New York,  U. S .  Environmental  P r o t e c t i o n  Agency, New York, NY, Harch 
1979. 
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SECTION VI11 

11.2.3 AGGREGATE HAKDLINC AND STORAGE PILES 

11.2.3.1 General  

I n h e r e n t  i n  o p e r a t i o n s  t h a t  use m i n e r a l s  i n  a g g r e g a t e  form is t h e  
maintenance of outdoor s t o r a g e  p i l e s .  S t o r a g e  p i l e s  a r e  u s u a l l y  l e f t  un- 
covered ,  p a r t i a l l y  because  of t h e  need f o r  f requent  material t r a n s f e r  into 
o r  o u t  of s t o r a g e .  

D u s t  e m i s s i o n s  o c c u r  a t  s e v e r a l  p o i n t s  i n  t h e  s t o r a g e  c y c l e ,  during 
material loading  onto t h e  p i l e ,  during d i s t u r b a n c e s  by s t r o n g  wind cur- 
r e n t s ,  and during loadout  from t h e  p i l e .  
i n g  equipment in t h e  s t o r a g e  p i l e  a r e a  i s  a l s o  a s u b s t a n t i a l  s o u r c e  of  
d u s t  . 
11.2.3.2 Emissions and C o r r e c t i o n  Parameters 

The movement of t r u c k s  and load-  

The q u a n t i t y  of  d u s t  emiss ions  from a g g r e g a t e  s t o r a g e  o p e r a t i o n s  var- 
ies  w i t h  the volume o f  aggregate  pass ing  through t h e  s t o r a g e  c y c l e .  A l s o ,  
emiss ions  depend on t h r e e  c o r r e c t i o n  parameters t h a t  c h a r a c t e r i z e  t h e  con- 
d i t i o n  o f  a p a r t i c u l a r  s t o r a g e  p i l e :  age  o f  t h e  p i l e ,  mois ture  c o n t e n i  azd  
p r o p o r t i o n  o f  aggregate  f i n e s .  

When f r e s h l y  processed  aggregate is loaded onto a s t o r a g e  p i l e ,  i t s  
p o t e n t i a l  for d u s t  emiss ions  is a t  a maximum. 
gated and r e l e a s e d  t o  t h e  atmosphere upon exposure  t o  a i r  currents f rom 2:- 
g r e g a t e  t r a n s f e r  i t s e l f  o r  high winds. As t h e  a g g r e g a t e  w e a t h e r s ,  hsx- 
e v e r ,  p o t e n t i a l  for d u s t  emiss ions  is g r e a t l y  reduced.  Moisture  causes  ag- 
g r e g a t i o n  and cemcnta t ioo  of f i n e s  t o  t h e  s u r f a c e s  o f  larger p a r t i c i e s .  
Any s i g n i f i c a n t  r a i n f a l l  soaks t h e  i n t e r i o r  of t h e  p i l e ,  and the drying 
p r o c e s s  i s  very slow. 

F i n e s  a r e  e a s i l y  d i s a g g r e -  

F i e l d  i n v e s t i g a t i o n s  have shown t h a t  e m i s s i o n s  from a g g r e g a t e  s t o r r g e  
o p e r a t i o n s  v a r y  in d i r e c t  propor t ion  to  t h e  p e r c e n t a g e  o f  s i l t  ( p a r t i c l e s  
< 7 5 . p  i n  d iameter )  i n  t h e  aggregate  m a t e r i a l . '  The silt c o n t e n t  is de- 
termined by measuring t h e  propor t ion  of dry a g g r e g a t e  m a t e r i a l  t h a t  pas ses  
through a 200 mesh screen, using ASTn-C-136 method. T a b l e  11.2.3-1 sucza- 
rites measured s i l t  and mois ture  va lues  for i n d u s t r i a l  a g g r e g a t e  mater : ; l z .  

11.2.3.3 P r e d i c t i v e  Emission F a c t o r  Equat ions  . 

seve ra 1 
1 .  

9 
C .  

3 .  
4. 

5!43 

T o t a l  dust  emiss ions  from aggregate  s t o r a g e  p i l e s  a r e  c o c t r i b u t i o n s  ol 
d i s t i n c t  source  a c t i v i t i e s  w i t h i n  t h e  s t o r a g e  cycle :  

Loading of aggregate  on to  s t o r a g e  p i l e s  ( b a t c h  o r  cont inuous . : r . . ~  
o p e r a t i o n s ) .  
Equipment t r a f f i c  i n  s t o r a g e  a r e a :  
Wind eros ion of p i l e  s u r f a c e s  and ground a r e a s  around p i i . . s .  
Loadout of aggregate  for s h i p m e n t  or for return t o  t h e  pr:~t-- 
s t ream (batch  o r  continuous drop o p e r a t i o n s ) .  

. .  H i s c e l  latieous Sources - -  - 
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Adding a g g r e g a t e  m a t e r i a l  t o  a s t o r a g e  p i l e  or removing i t  u s u a l l y  i n -  
v o l v e s  dropping t h e  m a t e r i a l  onto  a r e c e i v i n g  s u r f a c e .  Truck  dumping on 
t h e  p i l e  o r  l o a d i n g  o u t  from t h e  p i l e  t o  a t r u c k  w i t h  a front en{ l o a d e r  
a r e  examples o f  b a t c h  drop o p e r a t i o a s .  Adding m a t e r i a l  t o  t h e  p i l e  by a 
conveyor  s t a c k e r  i s  an example of a c o n t i n u o u s  drop o p e r a t i o n .  

s .  
t 
I 
t 

The q u a n t i t y  of p a r t i c u l a t e  e m i s s i o n s  g e n e r a t e d  by a b a t c h  drop opera-  
t i o n ,  per t o n  of material t r a n s f e r r e d ,  may be e s t i m a t e d ,  w i t h  a rat ing of  
C,  u s i n g  t h e  following e m p i r i c a l  e x p r e s s i o n 2 :  

E = k(0.00090) (3 (3 (i5) 0.33 (kg/:lg) 

1 
4' 

E = k(0.0018) ( l b /  t o n )  (1)' 
where: E = emission factor 

k = particle s ize  m u l t i p l e r  ( d i m e n s i o n l e s s )  
s =: material s i l t  c o n t e n t  (X) 
U =: mean wind speed ,  m/s (mph) 
H =: drop h e i g h t ,  rn (ft) 
M = material m o i s t u r e  c o n t e n t  (X) 
Y = dumping d e v i c e  c a p a c i t y ,  m3 (yd2) 

The p a r t i c l e  size m u l t i p l e r  (k) for E q u a t i o n  1 v a r i e s  w i t h  aerodynamic p a r -  
t i c l e  s i z e ,  shown i n  T a b l e  11.2.3-2.  

TABLE 11 .2 .3 -2 .  AERODYNAMIC PARTICLE s m  
HULTXPLIER (k) FOR 
EQUATIONS 1 AND 2 II 

Batch drop 0 . 7 3  0 . 4 8  0 .36  0 . 2 3  0 . 1 3  

Continuous 
drop 0 . 7 7  0.49 0.37 c.21 0.11 

The q u a n t i t y  o f  p a r t i c u l a t e  e m i s s i o n s  g e n e r a t e d  by a cont inuous  drop 
o p e r a t i o n ,  p e r  ton of m a t e r i a l  t r a n s f e r r e d ,  mzy be c 3 t i m 2 t e d 1  w i t h  a r a t i n g  
of C ,  u s i n g  t h e  following e m p i r i c a l  express ion : :  

H i s c e l l a n e o u s  Source:' 
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1 
1 
1 
b 
I 

where: E = emission factor 
k = particle size multiplier (dimensionless) 
s = material s i l t  coatent (X) 
U mean wind speed, m/s (mph) 
H = drop height, m (ft) 
tf = material moisture coatent (%) 

The particle  size multiplier (k) for Equation 2 varies w i t h  aerodynamic 
particle  s ize ,  ES shown in Table 11.2.3-2. 

Equations 1 and 2 reraif the assigned qual i ty  rating if applied w i t h i n  
the ranges of source conditions that were testzd i n  developing the equa- 
t ioas ,  as given in Table 11.2.3-3. A l s o ,  t o  retain the quality rat ings  of 
Equations 1 o r  2 applied to a specific f a c i l i t y ,  it is necessary that r e l i -  
able correction parameters be determined for the specific sources of inter- 
e s t .  The field and laboratory procedures f o r  aggregate sampling are given 
i n  Reference 3 .  In the event that s i t e  specif ic  values for correction pa- 
rameters cannot be obtained, the appropriate mean values from Table 
11.2.3-1 may be used, but in that case, the quality ratings of the equa- 
tions are reduced b y  one Level. 

TABLE 11.2.3-3. RANGES OF SOURCE CONDITIONS FOR 
EQUATIONS 1 AND 2' 

S i l t  Hois ture 
Equation content content 

(XI (XI 
Dumping capacity 

ma Ydd 
Drop height 
m f t  

Batch drop 1.3 - 7.3  0.25 - 0 . 7 0  2.10 - 7.6 2 . 7 5  - 10 tJA NA 

Continuous 
drop 1.4 - 19 0 . 6 4  - 4.8 NA Nd 1.5 - 12 4.8 - 39 

For emissions from equipment traf f ic  (trucks, front end loaders, doz- 
ers, e t c . )  traveling between o r  on pi les ,  it is recommended t h a t  the equa- 
tions f o r  vehicle t r a f f i c  on  unpaved surfaces be used (see Section 11.2.1). 
F o r  vehicle travel between storage piles, the s i l t  value(s) f o r  the a r e a s  

I 
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among t h e  p i l e s  (which may d i f f e r  from t h e  s i l t  v a l u e s  f o r  t h e  s t o r e d  mate- 
r i a l s )  should  be used.  

For e m i s s i o n s  from wind e r o s i o n  o f  a c t i v e  s t o r a g e  p i l e s ,  t h e  f o l l o w i n g  
t o t a l  suspended p a r t i c u i a t e  (TSP) 

E = 1.9  (n) s 

e m i s s i o n  f a c t o r  e q u a t i o n  i s  recommended: 

(3) 

365-e E = 1.7 (5) ( 235 ) (6) ( l b / d a y / s r r e )  

where: E = t o t a l  suspended p a r t i c u l a t e  e m i s s i o n  f a c t o r  
s = s i l t  c o n t e n t  o f  a g g r e g a t e  (X) 
p = number of days w i t h  b 0.25 mm ( 0 . 0 1  i n . )  of p r e c i p i t a t i o n  

f = p e r c e n t a g e  o f  time t h a t  t h e  u n o b s t r u c t e d  wind speed ex- 
p e r  y e a r  

c e e d s  5.4 m/s ( 1 2  mph) a t  t h e  mean p i l e  h e i g h t  

The c o e f f i c i e n t  i n  E q u a t i o n  3 i s  t a k e n  from R e f e r e n c e  I ,  based  on sam- 
p l i n g  o f  e m i s s i o n s  from a sand and g r a v e l  s t o r a g e  p i l e  a r e a  dur ing  p e r i o d s  
when t r a n s f e r  and maintenance equipment was not o p e r a t i n g .  The f a c t o r  from 
Test R e p o r t  1, e x p r e s s e d  in mass p e r  u n i t  area per d a y ,  i s  more r e l i a b l e  
t h a n  t h e  f a c t o r  e x p r e s s e d  i n  mass p e r  u n i t  mass o f  material p l a c e d  i n  s t o r -  
a g e ,  f o r  r e a s o n s  s t a t e d  i n  t h a t  r e p o r t .  Note t h a t  t h e  c o e f f i c i e n t  has  been 
h a l v e d  t o  a d j u s t  for t h e  estimate ttiat t h e  wind speed  through t h e  e m i s s i o n  
l a y e r  a t  t h e  t e s t  s i t e  vas  one h a l f  o f  t h e  v a l u e  measured above t h e  top  o f  
t h e  p i l e s .  The o t h e r  terms in t h i s  e q u a t i o n  were added t o  c o r r e c t  f o r  
silt, p r e c i p i t a t i o n  and frequency of h i g h  winds ,  a s  d i s c u s s e d  i n  Refer- 
ence 2. 
d u s t r y  and D f o r  o t h e r  indus:ries .  

E q u a t i o n  3 i s  r a t e d  C f o r  a p p l i c a t i o n  i n  t h e  sand and g r a v e l  i n -  

Worst  c a s e  e m i s s i o n s  from s t o r a g e  p i l e  a r e a s  o c c u r  under d r y  windy 
c o n d i t i o n s .  Worst case e m i s s i o n s  from m a t e r i a l s  handl ing  ( b a t c h  and con- 
t i n u o u s  drop) o p e r a t i o n s  may b e  c z l c u l a t e d  by s u b s t i t u t i n g  i n t o  E q u a t i o n s  1 
and 2 a p p r o p r i a t e  v a l u e s  f o r  a g g r e g a t e  m a t e r i a l  m o i s t u r e  c o n t e n t  and f o r  
a n t i c i p a t e d  wind speeds dur ing  t h e  wors t  c a s e  ave,raging p e r i o d ,  u s u a l l y  
24 hours .  The t r e a t m e n t  of d r y  c o n d i t i o n s  f o r  v e h i c l e  t r a f f i c  ( S e c t i o n  
1 1 . 2 . 1 )  and for wind e r o s i o n  (Equat ion 3 ) ,  c e n t e r i n g  around parameter  p ,  
follows t h e  methadology d e s c r i 5 e d  in S e c t i o n  1 1 . 2 . 1 .  A l s o ,  a s e p a r j t e  se t  
o f  q o n c l i m a t i c  c o r r e c t i o n  p a z a n e t e r s  and s o u r c e  e x t e n t  v a l u e s  corresponding  
t o  h i g h e r  t h a n  nornal  s t o r a g e  p i l e  a c t i v i t y  may b e  j u s t i f i e d  for the wors t  
c a s e  a v e r a g i n g  p e r i o d .  

11.2.3.4 C o n t r o l  Methods 

Water ing and chemica l  G e t t i n g  a g e n t s  a r e  t h e  p r i n c i p a l  means f o r  con- 
t r o l  o f  a g g r e g a t e  s t o r a g e  p i l e  e m i s s i o n s .  E n c l o s u r e  or c o v e r i n g  o f  i n -  
a c t i v e  p i l e s  t o  reduce vi , !  e r c z i 9 n  can a l s o  reduce e m i s s i o n s .  Water ing is 
useful mainly  t o  reduce em:ssic:is from v e h i c l e  t r a f f i c  i n  t h e  s t o r a g e  p i l e  
a r e a .  Water ing of t h e  s tc . r , i~e  p i i e s  themselves  t y p i c a l l y  has o n l y  a very  
temporary s l i g h t  e f f e c t  02 t::;! c n i s s i o n s .  A much mor- e f f e c t i v e  t e c h -  
n ique  is t o  apply  chemica! -<-::E! . ieents  for b e t t e r  w e t t i n g  o f  f i n e s  and 

\: 5/s3 
. .  .- ct- i L.i:?rous S o u r c e s  
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,- *. 
longer retention o f  the moisture film. Continuous “chemical treatment of 
material loaded onto piles, coupled w i t h  waterrng o r  treatment of roadways, 
can reduce total %articulate emissions from aggregate storage operations by 
up to 90 percent. 

References for Section 11.2.3 

1. 

2 .  

3. 

. rc. 

5. 

6 .  

3.  

8.  

C. Cowherd, Jr., et al., Development o f  Emission Factors for Fugitive 
Dust Sources, EPA-b50/3-74-03$5a7;.I,lu: S. Environmental Protection Agency, 
Research Triangle Park, NC, June7 1974. 

R .  Bohn, et al., Fugitive Emissions from Inter i t cd  -- Iron .- and Steel 
Plants, EPA-d00/2-78-050, U. S. Environmental ‘‘rotecLluu Agency, 
Research Triangle Park, NC,  March 1978. 

C. Cowherd, Jr., et al., Iron and Steel Plant Open Dust Source Fugi- 
tive Emission Evaluation, EPA-600/2-79-103, U. S. Enviromental Pro- 
tection Agency, Research Triangle Park, NC, ?lay 1979. 

R. Bohn, Evaluation of Open Dust Sources in the Vicinity of Buffalo, 
New York, U. S ,  Environmental Protection Agency, New York, NY, tiarch 
1979. 

C. Cowherd, Jr., and T. Cuscino, Jr., Fugitive Emissions Evaluation, 
Equitable Environmental Health, Inc., Elmhurst, IL, February 1977. 

T .  Cuscino, e t  al., Taconite ?lining Fugitive Emissions Study, 
Minnesota Pollution Control Agency, Roseville, .!IN, June 1979. 

K. Axetell and C. Cowherd, Jr., Improved Emission Factors for Fugitive 
Dust from Western Surface Coal Mining Sources, 2 Volumes, EPA Contract 
No. 68-03-2924, PEDCo Environmental, Inc., Kansas City, no, July 1981. 
G. A. Jutze, et al., Investigation of Fugitive Dust Sources Emissions 
and Control ,  EPA-G50/3-74-036a, U. S. Environmental Protection Agency, 
Research Triangle Park, NC, June 1974. 

11.2.3-6 EMISSION FACTORS 

-44- 

5/83 



SECTION V I 1 1  

AGGREGATE HANDLING AND STORAGE PILES 

When determining p a r t i c l e  s i z e  d i s t r i b u t i o n  f o r  s t o r a g e  p i l e  e m i s s i o n s  u s e  
t h e  same m u l t i p l i e r s  o r  p r o p o r t i o n s  g i v e n  f o r  b a t c h  drop i n  t h i s  s e c t i o n .  

F o r  purposes o f  e s t i m a t i n g  a v e r a g e  p i l e  sizes we w i l l  u s e  a c a p a c i t y  
f a c t o r  o f  2 f o r  c o a l  and 6 f o r  s o i l  o r  s a n d l g r a v e l  and d i s r e g a r d  p i l e  
conf igurat ion.  ( S e e  September 30,  1 9 8 1  Compilation o f  Emiss ion F a c t o r s  if 
c l a r i f i c a t i o n  o r  more a c c u r a t e  s i z e  d e t e r m i n a t i o n s  are needed). T h e r e f o r e ,  use  
the fol lowing numbers when e s t i m a t i n g  s t o c k p i l e  e m i s s i o n s :  

Weight of Material S t o c k p i l e d  ( t o n s )  

1,000 
5,000 

10,000 
5 0 , 0 0 0  
100 8 000 
500,000 
759, GOO 

1, GUO ,000 

S u r f a c e  Area o f  P i l e  (Acres) 
Coal S o i l  o r  Sand/Gravel 

0.22 
0.64 
1 .Q2 
3.0 
4.74 
13.9 

22.0 
18.2 

0.11 
0.31 
0 .49  
1.43 

6.7 
2 .28  

8.7 
10.5 
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APPENDIX A 

I <30 <15 (10 <5 

I 1.0 .43 .28 0 10 

PARTICLE SIZE DISTRIBUTIONS 8 

a.5 

. 

We recommend t h e  f o l l o w i n g  p r o c e d u r e s  and m u l t i p l i e r s  t o  c a l c u l a t e  
p a r t i c l e  s ize  d i s t r i b u t i o n s  as needed. For example, where e m i s s i o n  f a c t o r s  
are g i v e n  for  <30 and <lo t h a t  do n o t  c o r r e s p o n d  t o  t h e  m u l t i p l i e r ,  and you 
need  t o  d e t e r m i n e  <15, you w i l l  need t o  p r o p o r t i o n  as f o l l o w s :  

Y 
Given:  e30 = 10 l b / t o n  

M u l t i p l i e r s  
jq5 I t 

a0 = 1 l b / t o n  0.8 10.57 I 0.45 I 
U s i n g  t h e  g i v e n  m u l t i p l i e r s  and t h e  4 0  v a l u e ,  t o t a l  p a r t i c u l a t e s  s h o u l d  

be ‘qual to 10 = 12.5 and t h e r e f o r e  c10 = 12.5 X .45 = 5.6 + 1 
.8 

However ~ 1 0  i s  a g i v e n  f a c t o r  and we must u s e .  T h e r e f o r e ,  t o  d e t e r m i n e  
<15 c a l c u l a t e  as follows: 

y. I I ‘  f)*57-0*45\ X (10-1) +1 = (34%)(9) + 1 = 4.06 Whereas  if you 

O 8-o* 45/ 
o n l y  used  t h e  m u l t i p l i e r  f o r  <15 t h e  v a l u e  would b e  = 0.57 X 12.5 = 7.1 

Use t h e  f o l l o w i n g  g i v e n  m u l t i p l i e r s :  c 
E m i s s i o n  F a c t o r  <30 um e15 um <lo urn <5 um d . 5  urn 

B a t c h  Drop 0 73 .48 .36 .23 . 1 3  

Continuous Drop .77 .49 .37 .23 .11 

Unpaved Roadd -80 .57 .45 .28 .16 

Paved Roads .86 64 -51 .32 .17 

Averages  .79 .54 . 4 2  .26 e 1 4  
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APPENDIX B 
CONTROL EFFICIENCIES 

A c t i v i t y  Me t h o  d o l  o gy E f f i c i e n c y  9: 

E Material Removal None practical N/A 

E Material Placement None p r a c t i c a l  N/A 

S t o r a g e  of m a t e r i a l s / e x p o s e d  areas 1, Chemical  s u p p r e s a n t s  
Mulch 

( r e d u c e s  annual  e m i s s i o n s )  Rapid R e v e g e t a t i o n  
Wind breaksmht. o f  p i l e  
Wind b r e a k s  < h t  o f  p i l e  
Adequate w a t e r i n g  

Water as needed 
Chemi c a l / v e g e  ta  t i v e  

s ta b i l  i za ti o n 
P o r t a b l e  s c r e e n  f e n c e  
O i l i n g  
Complete e n c l o s u r e  
P a r t i a l  e n c l o s u r e  
Canvas c o v e r s  

(dependent on l o c a t i o n  & met. 
c o n d i t i o n s )  1E 

I. 
2 5  (5 )  
93 ( 9) 

D r i l l i n g  Bag c o l l e c t o r  . 90 ( 5 )  
Chemical s u p p r e s a n t s  90 (5  h 11) 
Water I n j e c t i o n  7 5  ( 5  ti 11) 
Cyclone c o l l e c t o r  7 5  ( 5 )  

c 
4 
1 
# 

B l a s t i n g  None p r a c t i c e d  N/A 

Loadou ts N e g a t i v e  p r e s s u r e  w/ 8 5  (6) 

Chemical s u p p r e s a n t s  85 (6) 
E n c l o s e d  s t r u c t u r e  7 5  ( 5 )  
T e l e s c o p i c  c h u t e  75  ( 7) 
S t a c k e r  w/water s p r a y  75 (7) 
Water s p r a y  5 0  (8 )  
Wind guard 50 ( 7 )  

f a b r i c  f i l t e r  

i 
IJ S t a c k e r  h e i g h t  ad j u s t a b l e  2 5  

Ladder 8 0 .  
( 7 )  
( 7 )  

T r a n s f e r  P o i n t s  T o t a l l y  e n c l o s e d  w/neg. 9 9  (7) 

T o t a l l y  e n c l o s e d  w/water 9 9  ( 5 )  
T o t a l l y  e n c l o s e d  8 5  (5) 
P a r t i a l l y  e n c l o s e d  w/water 9 9  ( 5 )  
P a r t i a l l y  e n c l o s e d  70 ( 7 )  
Chemical s u p p r e s s a n t s  8 5  ( 5 )  

70 ( 7) 

p r e s s u r e  wlbaghouse t 
1. 
a ' Water s p r a y  
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c 

I 
E 
f 
3 
I 
1 

P r o c e s s i n g  Chemical s u p p r e s s a n t s  85 (6)  
Water s p r a y - m u l t i p l e  7 5  (5) 

Water s p r a y  50 (8)  
n o z z l e s  

See Table  A-2 f o r  a d d i t i o n a l  c o n t r o l s  

Unpaved Roads See S e c t i o n  on Unpaved Roads 
Paving w/frequent  sweep o r  99 ( 5) 

Paving w/ infrequent  c l e a n -  8 5  ( 5 )  

S o i l  s t a b i l i z e r  forming 80 (5) 

S u r f a c e  chemical  t r e a t m e n t  7 5  (5) 
Frequent  w a t e r i n g  50 ( 1 2 )  
Water as needed 25 ( 5 )  
Gravel  50 ( 5 )  
O i l i n g  70 ( 5) 

f l u s h  

UP 

crust 



i 

Particle size 
range, pm 

Oto 5 
5 to 10 

10 to  20 
20 to  44 
> 44 

3 i 

Percent 
by weight 

20 
10 
15 
20 
35 8 

Table A - 2  DISTRIBUTION BY PARTlCLE SIZE OF AVERAGE COLLECTION EFFICIENCIES 
FOR VARIOUS PARTICULATE CONTROL- EQUIPMENla*b 

Type of collector 

Baffled settling chamber 
Simple cyclone 

. Long-cone cyclone 
Multiple cyclone 

(12-in. diametw) 
Multiple cyclone 

(6411. diameter) 
Irrigated longcone 

cyclone 
Electrostatic 

precipitator 
Irrigated electrostatic 

precipitator 
Spray tower 
Self-induced spray 

scrubber 
Disintegrator scrubber 
Venturi scrubber 
Wet-impingement scrubber 
Baghoun 

E f f ic iei 

Overall 

58.6 
65.3 
84.2 
74.2 

93.8 

91.0 

97.0 

99.0 

94.5 
93.6 

98.5 
99.5 
97.9 
99.7 

Particle 
0 t o5  I 5 to 10 

7.5 
12 
40 
25 

63 

63 

72 

97 

90 
85 

93 
99 
96 
99.5 

22 
33 
79 
54 

95 

93 

94.5 

99 

96 
96 

98 
99.5 
98.5 

100 

2/72 EMiSSlON FACTORS 

y, % 
re range, 
10 to 20 

43 
57 
92 
74 

9B 

96 

97 

99.5 

98 
98 

99 
100 
99 

loo 

L- 
20 to 44 

80 
82 
95 
95 

99.5 

98.5 

99.5 

100 

100 
100 

100 
100 
100 
100 

>44 

90 
91 
97 
98 

100 

100 

loo 

100 

100 
100 

loo 
100 
100 
100 
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APPENDIX C 

USEFUL WEIGHTS AND MEASURES (AVERAGES AND RANGES) 

Cement 

Concrete 

Coal (Bituminous) 

Coal (Bituminous)  

G r a v e l ,  d r y  packed 

Gravel ,  wet 

Sand, g r a v e l  ( d r y ,  l o o s e )  

Top soil 

To 7 soil 

Overburden 

Uraoiurc o r e  

Fack  ( 5roken) 

Average depth o f  t o p s o i l  

Average d e p t h  of  overburden 

Scraper  c a p a c i t y  

Dragline c a p a c i t y  

Truck c a p a c i t y  

Shovel c a p a c i t y  

Frontend l o a d e r  capac i ty  

Grizz ly  capacity 

Rail  car  c a p a c i t y  

Convevor c a p a c i t y  

1 yd3 = 2500 l b .  

1 yd3 = 400 l b .  

1 f t 3  = 47-50 l b .  

1 yd3 = .635  - .675  t o n  

1 f t 3  100-120 l b .  

1 f t 3  = 1 2 6  l b .  

1 f t 3  = 90-105 l b .  

1 f t 3  = 111 l b .  ( 1 3 )  

1 yd3 = 1.5 ton (13 )  

1 yd3 = 1.3 t o n  ( 4 )  

1 yd3 = 1.5  ton ( 1 4 )  

1 yd3 = 1 . 3 5  ton ( 1 4 )  

1 . 5  ft. ( 1 5 )  

1 2 0  f t .  ( a s  much as 3 0 0 0  ft) (15) 

2 5  yd3 ( 5 )  

30-200 yd3 ( 4 )  

10-20 yd3 ( 5 )  (as much as 200 t o n )  

5-8 yd3 ( 1 6 )  (as much as 4 0  yd3) 

2.5-8 yd3 ( 1 4 )  (as  much as 2 0  yd3) 

190-2000 tons/hour ( 1 4 )  

100 t o n s  ( 5 )  

53-1470 t o n s / h r .  ( 1 4 )  
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APPENDIX E 

r 

Demolition = 2 l b / t o n  Assume yd3 of d e b r i s  = 1.5 ton ( 5 )  

A D D I T I O N A L  FACTORS 

I 
1 

Product  l o s s  due t o  t r a n s p o r t a t i o n  by r a i l  o r  t r u c k  - 57 X 10-6  l b / t o n / m i l e .  

Assume a l l  e m i s s i o n s  o c c u r  w i t h i n  a 50 mi le  r a d i u s .  (18)  i 1 

I 

F e e d l o t s  = >100,000 head = 1 .9  ton/1000 head/yr. ( 8 )  
10,000-100,000 = 3 . 5  t o d l 0 0 0  head/yr .  

1,000-10,000 = 4.6 t o n / 1 0 0 0  h e a d / y r .  
~ 1 0 0  * 7.3 t o n / 1 0 0 0  h e a d / y r .  

I 
I 
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( 7 )  Midwest R e s e a r c h  I n s t i t u t e ,  August 1 9 7 7 .  A S tudy o f  F u g i t i v e  
E m i s s i o n s  from M e t a l l u r g i c a l  P r o c e s s e s .  
I n d u s t r i a l  Environmental  R e s e a r c h  L a b o r a t o r y ,  E.P.A., R.T.P., North 
C a r o l i n a .  

C o n t r a c t  No. 68-02-2120 f o r  

( 8) PEDco - I n v e s t i g a t i o n  o f  F u g i t i v e  Dust - S o u r c e s ,  E m i s s i o n s  and 
C o n t r o l  - for Atta inment  o f  Secondary Ambient A i r  Q u a l i t y  S t a n d a r d s ,  
Colorado ( 1 9 7 3 )  C o n t r a c t  No. 68-02-0044 T a s k  Order No. 1 6  for E.P.A. ,  
R.T.P., N. C a r o l i n a .  

( 9 )  Weant, George E. and C a r p e n t e r ,  B.H., R e s e a r c h  T r a i n g l e  I n s t i t u t e ,  
R.T.P., N; C a r o l i n a ,  F u g i t i v e  Dust E m i s s i o n s  and C o n t r o l  

(10) Permit  P r o c e s s i n g  Memo No. 2 0 ,  I n t e r - O f f i c e  Communication, APCD, from 
Gary McCutchen and John Clouse.  

(11) Source  Assessment - Crushed S a n d s t o n e ,  Quar tz  and Q u a r t z i t e  - S t a t e  
o f  t h e  A r t .  May 1 9 7 8 .  E.P.A. - 600/2-78-004n. I n d u s t r i a l  
Environmental  R e s e a r c h  L a b o r a t o r y ,  Cinn . ,  Ohio.  

(12) PEDCo and Midwest R e s e a r c h  I n s t i t u t e ,  Improved E m i s s i o n  F a c t o r s  f o r  
F u g i t i v e  Dust from Mining S o u r c e s ,  F i r s t  Draft,  C o n t r a c t  No. 
68-03-2924 f o r  E.P.A., OAQPS, R.T.P., N. C a r o l i n a  

(13) S o i l s  Manual f o r  Design o f  A s p h a l t  Pavement S t r u c t u r e s  (MS-IO) 
F e b r u a r y  1 9 6 9  by t h e  A s p h a l t  I n s t i t u t e ,  C o l l e g e  P a r k ,  Maryland. 

. .  

-55- 



... 
. .  

( 1 4 )  Producers Fact Book, 1980, for the aggregates producer by Universal 
Engineering Corporation, Cedar Rapids, Iowa. 
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L -  - Horizontal dispersion coefficient as a function of downwind distance from the source. 

8 ATMOSPHERIC DISPERSION ESTIMATES 
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- Vertical disDersion coefficient as a function of downwind distance from the source. 
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ROCKY FLATS METEOROLOGICAL MONITORING STATION 
60 METER TOWER 

JANUARY 1, 1990 - DECEMBER 31, 1990 

8 WIND FREQUENCY DISTRIBUTION BY PERCENT - STABILITY CLASS A 

10 METER LEVEL 

WIND SPEED CLASSES (KNOTS) 
WIND 3.0- 6.0- 10.0- 16.0- 

DIRECTION <3.0 <6.0 <10.0 <16.0 <21.0 z21.0 

N 5.2 2.1 .o .o .o .o 
"E 7.3 3.7 .o .o 00 .o 

8.7 3.8 .o .o .o .o 
ENE 7.0 3.8 .o .o e o  .o 

14.2 5.8 .o 00 .o 00 E 

SE 704 2.1 .o .o .o .o 
SSE 3.7 .6 .o .o .o .o 
S 2.9 .6 .o .o .o .o 

1.7 .o .o .o .o .o 
.4 . 4  .o .o .o .o sw 

wsw 09 .o .o .o .o .o 
- 6  .1 .o e o  - 0  .o 
09 .1 .o . o  .o .o 

1.6 04 .o .o .o .o 
2.3 05 .o - 0  .o .o 

72.5 27.5 .o .o .o - 0  

--------- ---- ---- ---- ---- ---- --e- 1 
I NE 

1 ESE 7 . 6  3.5  .o .o .o .o 

1 ssw 

k w  Nw 

CLASS* 

7.34 
11-01 
12.54 
10.86 
20.03 
11.01 
9.48 
4.28 
3.52 
1.68 
.76 
.92 
.76 

1.07 
1.99 
2.75 

100.00 

-e--- 

CALMS ARE DISTRIBUTED AS PER NCDC STAR DECK PROCEDURES s 
* TOTAL PERCENT FOR THIS STABILITY CLASS 8 ** TOTAL PERCENT RELATIVE TO ALL STABILITY CLASSES 

TOTAL** 

.33 

.49 

.56 
48 

e 89 
.49 
a 42 
.19 
., 16 
e 07 
.03 
.04 
.03 
.05 
.09 
.12 

4.43 

----- 

1 - - TOTAL NUMBER OF INVALID OBSERVATIONS IN THIS STABILITY CLASS 
TOTAL NUMBER OF VALID OBSERVATIONS IN THIS STABILITY CLASS = 811 

m 
I 
1 
I 
a 



ROCKY FLATS METEOROLOGICAL MONITORING STATION 
60 METER TOWER 

JANUARY 1, 1990 - DECEMBER 31, 1990 

WIND FREQUENCY DISTRIBUTION BY PERCENT - STABILITY CLASS B 
1 

WIND 
DIRECTION 

N I NE 
ENE 

SE 
SSE I s  
ssw 
sw 
W 

1 wsw 
WNW 

ALL 

<3.0 

1.5 
2.8 
3.2 
3.8 
4.0 
4.3 
2.9 
.5 

1.7 
1.0 
05 
.7 
.7 
.7 
05 
.7 

29.6 

---- 

10 METER LEVEL 

WIND SPEED CLASSES (KNOTS) 
3.0- 6.0- 10.0- 16.0- 
<6.0 c10.0 C16.0 C21.0 221.0 CLASS* 

3.9 .2 .o . o  .o 5.62 
5.7 .5 .o .o 00 8.89 
12.0 .o .o .o .O  15.24 
9.3 .o .o .o . O  13.13 
15.9 .o .o .o . O  19.92 
10.9 . 2  .o .o .O 15.46 
3.6 .2 .o .o .o 6.79 
2.3 .o .o .o .o 2.81 
.7 -2 .o .o .o 2.57 

1.1 .o .o e o  .o 2.11 
.2 . 2  .o .o .o .93 
00 00 .o .o .o .70 
00 02 .o e o  .o .93 
.2 .5 .o .o .o 1.39 
.7 .o 00 .o .o 1.17 

1.1 .5 .o .o .o 2.33 
67.6 2.7 .o .o 00 100.00 

---- ---- ---- --e- ---- ----- 

8 CALMS ARE DISTRIBUTED AS PER NCDC STAR DECK PROCEDURES 
* TOTAL PERCENT FOR THIS STABILITY CLASS 
** TOTAL PERCENT RELATIVE TO ALL STABILITY CLASSES 

.14 

.21 

.37 

.32 

.48 
D 37 
16 

0 07 
e 06 
.05 
.02 
.02 
.02 
.03 
.03 
.06 

2.41 

8 TOTAL NUMBER OF INVALID OBSERVATIONS IN THIS STABILITY CLASS = 0 
TOTAL NUMBER OF VALID OBSERVATIONS IN THIS STABILITY CLASS = 441 



ROCKY FLATS METEOROLOGICAL MONITORING STATION 
60 METER TOWER 

JANUARY 1, 1990 - DECEMBER 31, 1990 

WIND FREQUENCY DISTRIBUTION BY PERCENT - STABILITY CLASS C 
10 METER LEVEL 

ENE 

1 &E 
SE 
SSE 

1 s  ssw 
sw B ;sw 
WNW 
Nw 

G N N W  
ALL 

a3.0 ---- 
e 8  

1.6 
1.4 
2.1 
2.1 
1.7 
2.1 
1.2 
.6 
.6 
- 1  
. 4  
e 2  
.6 
. 9  
. 9  

17.2 

WIND SPEED CLASSES (KNOTS) 
3.0- 6.0- 10.0- 16.0- 
a6.0 ~10.0 a16.0 a1.0 221.0 

4.0 .6 .o .o .o 
9.0 .7 .o .o .o 
10.4 .7 .o .o .o 
9.1 .3 .o .o .o 
13.3 .3 e o  .o .o 
10.3 .4 .1 . 8  .o 
8.7 .4 .1 .o .o 
3.0 .2 .o - 0  .o 
2.1 .2 e o  .o .o 
-9 .3 .o .o .o 
. 6  .3 .o .o .o 
.3 -3 e o  .o .o 
.6  .3 .o .o .o 
.5 .1 .1 .o .o 

1.7 .7 .o .o .o 
2.0 .3 - 0  - 0  .o 
76.4 6.1 .3 .o .o 

---- ---- ---- --e- ---- CLASS* 

5.43 
11.32 
12.48 
11.51 
15.70 
12.57 
11.32 
4.28 
2.85 

.97 

.89 
1.15 
1.25 
3.28 
3.20 

180.00 

1.78 

8 CALMS ARE DISTRIBUTED AS PER NCDC STAR DECK PROCEDURES 
* TOTAL PERCENT FOR THIS STABILITY CLASS c ** TOTAL PERCENT RELATIVE TO ALL STABILITY CLASSES 

TOTAL* * 
.34 
-71 
.78 
72 
.99 
.79 
.71 
.27 
.18 
.11 
.06 
.06 
.07 
.08 
.21 
.20 

6.29 

----- 

1) TOTAL NUMBER OF INVALID OBSERVATIONS IN THIS STABILITY CLASS = 0 
TOTAL NUMBER OF VALID OBSERVATIONS IN THIS STABILITY CLASS = 1151 



ROCKY FLATS METEOROLOGICAL MONITORING STATION 
60 METER TOWER 

JANUARY 1, 1990 - DECEMBER 31, 1990 

WIND FREQUENCY DISTRIBUTION BY PERCENT - STABILITY CLASS D 
10 METER LEVEL 

WIND SPEED CLASSES (KNOTS) 
WIND 3.0-  6.0- 10.0- 16.0- 

DIRECTION C3.0 <6.0 <10.0 C16.0 c21.0 121.0 CLASS* --------- ---- ---- ---- ---- e--- ---- e---- 

.6 2.6 4.1 2.4 .4 .4 10.41 

.7 3.0 3.5 1.5 .1 .o 8.71 
05 2.5 2.0 .5 e o  .o 5.55 

L E  
NE 
ENE 05 1.4 1.0 .1 .o .o 3.11 

05 1.9 09 .o .o .o 3.42 
ESE .4 2.2 2.5 .2 .o - 0  5.23 
SE .4 3;3 4.9 1.0 .o .o 9.53 

.4 1.6 1.4 .8 .1 .o 4-35 
ssw .3 1.0 .a .4 .1 .o 2.58 
sw .2 .6 .7 .6 . 2  .o 2.40 

.2 05 05 1.4 .6 .4 3.57 
W 04 .4 . 6  2.4 1.6 2.2 7.68 
WNW .2 .6  1.2 4.4 2.7 2.4 11.53 

04 1.1 1.7 3.5 1.0 . 3  8.05 
.3 1.4 2.6 1.7 .2 .o 6.30 

ALL 6-6 26.6 31.9 21.9 7.0 5.9 100.00 

8 gSE .5 2.6 3.4 . 9  .1 .o 7.59 

CALMS ARE DISTRIBUTED AS PER NCDC STAR DECK PROCEDURES 

6.91 
5.78 
3.68 
2.06 
2.27 
3.47 
6.33 
5.04 
2.89 
1.71 
1.60 
2.37 
5.10 
7.66 
5.34 
4.18 
66.40 

8 * TOTAL PERCENT FOR THIS STABILITY CLASS 
** TOTAL PERCENT RELATIVE TO ALL STABILITY CLASSES 

TOTAL NUMBER OF INVALID OBSERVATIONS IN THIS STABILITY CLASS = 14 
TOTAL NUMBER OF VALID OBSERVATIONS IN THIS STABILITY CLASS = 12154 



ROCKY FLATS METEOROLOGICAL MONITORING STATION 
60 METER TOWER 

JANUARY 1, 1990 - DECEMBER 31, 1990 

WIND FREQUENCY DISTRIBUTION BY PERCENT - STABILITY CLASS E 
10 METER LEVEL 

ENE 
E 4 ESE 
SE 
SSE 

:sw 
sw 
wsw 
W 
WNW 
Nw c " w  
ALL 

C3.0 ---- 
.a 

1.0 
.7 
. 8  

1.1 
04 
04 

1.1 
.5 
.8 

.9 

.9 

. 9  
1 ..2 
13.1 

.a 

.a 

WIND SPEED CLASSES (KNOTS) 
3.0- 6 . 0 -  10.0- 16.0- 
< 6 . 0  <10.0 C16.0 C21.0 121.0 

2.5 4 . 6  .o .o .o 
3.5 3.5 .o .o e o  

3.0 1.5 .o .o .o 
2.1 .6 00 .o  .o 
1.1 .3 .o .o -0 
1.4 1.2 .o .o .o 
2.5 1.9 -0 .o .o 
1.8 2.5 .o .o .o 
2.1 3.7 .o .o .o 
1.2 3.3 .o .o -0 
1.4 5.0 .o .o .o 
1.7 5.8 .o -0 .o 
2.0 4.2 .o , o  .o 
2.0 4.5 . o  .o .o 
2.4 5.8 .o .o .o 
2.5 5.4 .o .o .o 
33.2 53.8 .o .o 00 

---- -a_- ---- ---o ---- CLASS* 

7.81 
7.90 
5.21 
3.59 
2.56 
2.91 
4-85 
5.13 
6.96 
4.94 
7.22 
8.22 
7.02 
7.51 
9.15 
9.01 

100.00 

----- 

1 CALMS ARE DISTRIBUTED AS PER NCDC STAR DECX PROCEDURES 

* TOTAL PERCENT FOR THIS STABILITY CLASS c ** TOTAL PERCENT RELATIVE TO ALL STABILITY CLASSES 

TOTAL* * 
1.16 
1.17 

77 
.53 
.38 
.43 
0 72 
e 76 

1.03 
.73 

1.07 
1.22 
1.04 
1.11 

' 1.35 
1.33 
14.79 

TOTAL NUMBER OF INVALID OBSERVATIONS IN THIS STABILITY CLASS = 2 
TOTAL NUMBER OF VALID OBSERVATIONS IN THIS STABILITY CUSS = 2708 



ROCKY FLATS METEOROLOGICAL MONITORING STATION 
60 METER TOWER 

JANUARY 1, 1990 - DECEMBER 31, 1990 

WIND FREQUENCY DISTRIBUTION BY PERCENT - STABILITY CLASS F 
10 METER LEVEL 

WIND SPEED CLASSES (KNOTS) 
3.0- 6.0- 10.0- 16.0- 

BDIE%ON <3.0 C 6 . 0  <10.0 C16.0 <21.0 221.0 CLASS* TOTAL** --------- ---- ---- ---- ---- --e- ---a ----- -e--- 

ENE 

4 &E 
SE 
SSE I. ssw 
sw 
W 
wsw 
WNW 
Nw 

o m  
ALL 

.4 6 . 8  

. 3  2.1 

.6 1.8 

.4 1.0 

.2 05 

.2 .3 

. 3  3.4 
1.3 4.6 
1.0 7.7 
1.0 6.4 

. 8  8 . 6  
1.2 8 . 8  
1.5 9.7 
1.9 9.9 
1.5 7.7 

.7 7.3 
13.3 8 6 . 7  

.o 

.o 

.o 
00 
.o 
.o 
.o 
.o 
.o 
.o 
.o 
.o 
.o 
.o 
.o 
.o 
.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 
00 
.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 7.20 

.o 2.33 

.o 2.43 

.o 1.38 

.o e 74 

.o e 53 

.o 3.70 

.o 5.93 

.o 8,68 

.o 7.41 

.o 9.42 

.O 10.05 

.o 11.22 

.O 11.85 

.o 9.21 

.o 7.94 

.o 100.00 

fl CALMS ARE DISTRIBUTED AS PER NCDC STAR DECK PROCEDURES 
* TOTAL PERCENT FOR THIS STABILITY CLASS 
** TOTAL PERCENT RELATIVE TO ALL STABILITY CLASSES 

.38 

.12 

.13 

.07 

.04 

.03 

.20 
0 32 
e 46 
* 39 
D 50 
. 5 4  
e 60 
.63 
.49 
.42 

5.33 

@TOTAL NUMBER OF INVALID OBSERVATIONS IN THIS STABILITY CLASS = 1 
TOTAL NUMBER OF VALID OBSERVATIONS IN THIS STABILITY CLASS = 975 



ROCKY FLATS METEOROLOGICAL MONITORING STATION 
60 METER TOWER 

JANUARY 1, 1990 - DECEMBER 31, 1990 

WIND FREQUENCY DISTRIBUTION BY PERCENT - STABILITY CLASS ALL I 

N 

NE 
ENE 

ESE 
SE 
SSE 

1 s  
ssw 
sw 
wsw 
W 
WNW 

C L  

c3.0 

.8 
1.1 
1.1 
1.0 
1.4 
e9 
.9 
.8 
.7  
.5 
.3 
. 4  
.5 

---- 

.5 

.7 

. 6  
ALL 12.1 

10 METER LEVEL 

WIND SPEED CLASSES (KNOTS) 
3.0- 
c 6 . 0  

2.9 
3.5 
3.3 
2.3 
3.0 
2.7 
3.5 
2.5 
2.0 
1.2 
1.2 
1.1 
1.1 
1.3 
1.6 
1.9 

35.0 

---- 
6.0- 

<lo. 0 

3.4 
2.9 
1.6 
.8 
.7 

1.9 
3.6 
2.6 
1.5 
1,o 
1.2 
1.2 
1.1 
1.5 
2.1 
2.6 
29.7 

---- 
10 . 0- 
C16.0 

1.6 
1.0 
.3 
.1 
.o 
.1 
.6 
.6 
.5 
.3 
.4 

1.0 
1.6 
3.0 
2.3 
1.1 
14.6 

---- 
16.0- 
c21.0 

.2 

.o 

. o  
00 
.o 
.o 
.o 
01 
.1 
.1 
s1 
. 4  

1.1 
1.8 
.7 
.1 

4.7 

---- >21.0 

.2 

.o 

.o 

.o 
00 
.o 
.o 
.o 
.o 
.o 
.o 
.3 

1.5 
1.6 
.2 
- 0  

3.9 

- ---- CLASS* 

9.29 
8.52 
6.31 
4.20 
5.06 
5.60 
8.57 
6.66 
4.79 
3.09 
3.29 
4.25 
6.89 
9.59 
7.54 
6.34 

100.00 

----- TOTAL* * 
9.25 
8.49 
6.29 
4.19 
5.04 
5.5% 
8.54 
6.64 
4.7% 
3.08 
3.2% 
4.24 
6.87 
9.56 
7.51 
6.32 

99.64 

-e--- 

@ CALMS ARE DISTRIBUTED AS PER NCDC STAR DECK PROCEDURES 
* TOTAL PERCENT FOR THIS STABILITY CLASS ' ** TOTAL PERCENT RELATIVE TO ALL STABILITY CLASSES 

TOTAL NUMBER OF INVALID OBSERVATIONS IN THIS STABILITY CLASS = 18 
TOTAL NUMBER OF VALID OBSERVATIONS IN THIS STABILITY CLASS = 18240 
JOINT DATA RECOVERY RATE = 99,9% 



A'ITACHMENT A33 
ZONE A CALCULATIONS 



I 
B 
1 

1 
I 

1 





HOLE DRILLING - ZONE A 
EPA Threshold Levels L.E.C.R HI  

Threshold Conc. Threshold Conc. 

Radionuclides 
Uranium 233 & 234 
Uranium 235 
Uranium 238 
Americium 241 
Plutonium 239 & 240 
Tritium (gas)" 
Strontium 89 
Strontium 90 
Cesium 137 
Radium 226 
Radium 228 
Noa-Radioaaclida 
Arsenic 
Barium 
Beryllium 
Cadmium 
Chromium 111 
Chromium VI 
Manganese 
Mercury 
Hexachlorocyclohexane (alpha) 
Hexachlorocyclohexane (beta) 
Heptachlor 
Heptachlor Epoxide 
Aldrin 
Dieldrin 
DDT 
Chlordane (alpha, gamma) 
Toxaphene 
VOCI & Semi-VOCs 
Chloroform 
1,1,1 -Trichloroethane 
Carbon Tetrachloride 
Benzene 
Toluene 
Dichloromethane 
Xylenes 
MEK 
1,2-Dichloroethane 
Bromomethane 
Carbon Disulfide 
1,l -Dichloroethene 
1,l  -Dichloroethane 
Vinyl Acetate 
1,3 -Dichloropropene 
1,1,2-Trichloroethane 
Bromoform 
Tetrachloroethene 
Chlorobenzene 
Ethylbenzene 
Styrene 
Vinyl Chloride 
1,2-Dichloroethane 
1'2 - Dichloropropane 
1,1,2,2-Tetrachloroethane 
2-Chloroethyi Ether 
1,4-Dichlorobenzene 
1,2-Dichlorobenzene 
Nitrobenzene 
Hexachloroethane 
1,2,4-Trichlorobenzene 
Hexachlorobutadiene 
H exach lorocyclopentadiene 

pcilr 
4.25E+03 
4.59E+03 
4.78E+03 
2.87E +03 
2.80E+03 
1.47E+09 
3.%E+07 
2.05E+06 
2.34E +06 
3.82E+04 
1.77E+05 

4.10E +03 

2.44E+04 
3.36E+04 

5.01E+04 

!.a 

3.26E+04 
1.14E+05 
4.56E+04 
2.26E+04 
1.21E+04 
1.28E+O5 
6.04E+05 
1.58E+05 
1.87E+05 

1.49E+03 

9.31E+02 
4.03E+03 

6.05E +04 

!.a 

1.33E+03 

1.01E+02 

9.31E+02 
2.12E+03 
3.10E +04 
6.72E+04 

6.05E+04 

1.33E +03 
4.17E +03 

9.31E+02 
6.05E+02 
1.10E + 02 

8.65E +03 

1.55E +03 

!.a 
1.47E +06 

8.36E+03 
8.36E+03 
1.67E +05 
1.26E+05 

!& 

2.59E +06 

5.19E +05 
7.78E+05 
7.78E+04 
7.78E+05 

1.73E+04 
2.59E +03 

8.65E +05 
5.19E+04 
5.19E +03 

4.32E+04 
2.59E+05 

1.73E +05 
3.46E+05 
5.19E +03 

2.59E +04 

1.73E +02 
2,4,6-Trichlorophenol l.lOE+04 
Hexachlorobenzene 7.56E +01 
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Vehicle Traffic - LirhtllO VKT/Day> - Zone A 
EPA Threshold Levels L.E.C.R HI 

Threshold Conc. Threshold Conc. 

Radionmclides 
Uranium 233 & 234 
Uranium 235 
Uranium 238 
Americium 241 
Plutonium 239 & 240 
rritium (gas)** 
Strontium 89 
Strontium 90 
Cesium 137 
Radium 226 
Radium 228 
Non-Radionmclides 
Arsenic 
Barium 
Beryllium 
Cadmium 
Chromium I11 
Chromium VI 
Manganese 
Mercury 
Hexachlorocyclohexane (alpha) 
Hexachlorocyclohexane (beta) 
Heptachlor 
Heptachlor Epoxide 
Aldrin 
Dieldrin 
DDT 
Chlordane (alpha, gamma) 
Toxaphene 
VOCs & Semi-VOCs 
Chloroform 
1,1,1 -Trichloroethane 
Carbon Tetrachloride 
Benzene 
Toluene 
Dichloromethane 
Xylenes 
MEK 
1,2- Dichloroethane 
Brornomethane 
Carbon Disulfide 
1 , l  -Dichloroethene 
1,l  -Dichloroethane 
Vinyl Acetate 
1 3  - Dichloropropene 
1,1,2-Trichloroethane 
Bromoform 
Tetrachloroethene 
Chlorobenzene 
Ethylbenzene 
Styrene 
Vinyl Chloride 
1,2- Dichloroethane 
1,2-Dichloropropane 
1,1,2,2-Tetrachloroethane 
2-Chloroethyl Ether 
1,4- Dichlorobenzene 
1,2- Dichlorobenzene 
Nitrobenzene 
Hexachloroethane 
1,2,4-Trichlorobenzene 
Hexachlorobutadiene 
Hexachlorocyclopentadiene 
54,6-Trichlorophenol 

Dci/r 
1.12E+02 
1.21E+02 
1.26E+02 
7.57E +01 

3.888+07 
1.04E+06 
5.4OE+04 
6.18E +04 
1.01E+03 

7.38E+01 

4.66E+03 

1.08E+02 
!m!g 

6.44E+02 
8.87E+02 

1.32E+03 

8.59E+02 
3.01E+03 
1.2OE + 03 
5.95E+02 
3.18E +02 
3.38E + 03 
1.59E+04 
4.16E+03 
4.92E+03 

!m!g 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

!!Jdg 

3.87E+04 

220E +02 
2.20E+02 
4.41E +03 
3.32E +03 

!!Jdg 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
N/A 
NIA 
NIA 
NIA 

Hexachloroben&.ne NIA NIA 
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4 
EPA Threshold Levela L.E.C.R HI 

Threshold Conc. Threshold Conc, 

Radionnclides 
Uranium 233 & 234 
Uranium 23.5 
Uranium 238 
Americium 241 
Plutonium 239 & 240 
Tritium (gas)** 
Strontium 89 
Strontium 90 
Cesium 137 
Radium 226 
Radium 228 
Non-Radionuclides 
Arsenic 
Barium 
Beryllium 
Cadmium 
Chromium I11 
Chromium VI 
Manganese 
Mercury 
Hexachlorocyclohexane (alpha) 
Hexachlorocyclohexane (beta) 
Heptachlor 
Heptachlor Epoxide 
Aldrin 
Dieldrin 
DDT 
Chlordane (alpha, gamma) 
Toxaphene 
VOCs & Semi-VOCs 
Chloroform 
1,1,1 -Trichloroethane 
Carbon Tetrachloride 
Benzene 
Toluene 
Dichloromethane 
Xylenes 
MEK 
1,2-Dichloroethane 
Bromomethane 
Carbon Disulfide 
1,l -Dichloroethene 
1,l -Dichloroethane 
Vinyl Acetate 
1,3 - Dichloropropene 
l,l,2-Trichloroethane 
Bromoform 
Tetrachloroethene 
Chlorobenzene 
Ethylbenzene 
Styrene 
Vinyl Chloride 
1,2-Dichloroethane 
1,2- Dichloropropane 
1,1,2,2-Tetrachloroethane 
2-Chloroethyl Ether 
1,4 - Dichlorobenzene 
1,2- Dichlorobenzene 
Nitrobenzene 
Hexachloroethane 
1,2,4-Trichlorobenz%ne 
Hexachlorobutadiene 
Hexachlorocyclopentadiene 
24.6-Trichloroohenol 

pcilr 
1.12E +01 
1.21E+01 
1.26E+01 
7.57E+00 
7.38E+00 
3.88E+06 
1.04E+05 
5.40E +03 
6.18E+03 
1.01E+02 
4.66E+02 

1 .ME +01 
E&!g 

6.44E+01 
8.87E+01 

1.32E 902 

8.59E +01 
3.01E+02 
1.20E+02 
5.95E+01 
3.18E +01 
3.38E+02 
1.59E903 
4.16E+02 
4.92E+02 

!!&!tE 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
MIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

!!&!tE 
3.87E+03 

2.U)E+01 
2.20E+01 
4.41E+02 
3.32E+02 

E&!g 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA , ,  

Hexach lorobenzene NIA NIA 
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BATCH DROP CALCULATION - TEST PITS - ZONE A 
EPA Threshold Levels L.E.C.R HI 

Threshold Coac. Threshold Coac. 

Radionuclides 
Uranium 233 & 234 
Uranium 235 
Uranium 238 
Americium 241 
Plutonium 239 & 240 
Tritium (gas)** 
Strontium 89 
Strontium 90 
Cesium 137 
Radium 226 
Radium 228 
Nom-Radionuclides 
Arsenic 
Barium 
Beryllium 
Cadmium 
Chromium I11 
Chromium VI 
Manganese 
Mercury 
Hexachlorocyclohexane (alpb ) 
Hexachlorocyclohexane (beta) 
Heptachlor 
Heptachlor Epoxide 
Aldrin 
Dieldrin 
DDT 
Chlordane (alpha, gamma) 
Toxaphene 
VOCI &. Semi-VOCs 
Chloroform 
1,1,1 -Trichloroethane 
Carbon Tetrachloride 
Benzene 
Toluene 
Dichloromethane 
Xylenes 
MEK 
1,2-Dichloroethane 
Bromomethane p 
Carbon Disulfide 
1,l -Dichloroethene 
1,l -Dichloroethane 
Vinyl Acetate 
1,3-Dichloropropene 
1,1,2-Trichloroethane 
Bromoform 
Tetrachloroethene 
Chlorobenzene 
Ethylbenzene 
Styrene 
Vinyl Chloride 
1,2-Dichloroethane 
1,2-Dichloropropane 
1,1,2,2-Tetrachloroethane 
2-Chloroethyf Ether 
1,4 - Dichlorobenzene 
1,2 - Dichlorobenzene 
Nitrobenzene 
Hexachloroethane 
1,2,4-Trichlorobenzene 
Hexachlorobutadiene 
Hexachlorocyclopentadiene 

pci/g 
2.23E+06 
2.41E+06 
2.51E+06 
1.51E+06 
1.47E+06 
7.74E + 11 
208E+ 10 
1.08E+09 
1.23E+09 
2.01E+07 
9.28E+07 

2.69E +05 

1.60E+06 
2.20E+06 

3.28E+06 

%& 

2.13E+06 
7.47E+06 
2.99E+06 
1.48E+06 
7.91E+05 
8.40E+06 
3.95E+07 
1.03E +07 
1.22E +07 

m 
1.07E +02 

6.66E+01 
2.89E+02 

4.33E+03 

9.52E+01 

7.22E+00 

6.66E+01 
1.52E+02 
2.22E+03 
4.81E+03 

4.33E +03 
2.99E+02 
9.52E +01 
6.66E+01 
4.33E+01 
7.87E+00 

6.19E+02 

l . l lE+02 

%& 

9.60E+07 

5.47E+05 
5.47E + 05 
1.09E+07 
8.26E+06 

m 
1.86E+05 

3.71E+04 
5.57E+04 
5.57E+03 
5.57E+04 

1.24E+03 
1.86E+02 

6.19E+04 
3.71E +03 
3.71E+02 

3.09E+03 
1.86E +04 

1.24E+04 
2.47E +04 
3.71E +02 

1.86E+03 

1.24E+O1 
2,4,6-TrichIorophenol 7.87E+02 
Hexachlorobenzene 5.4 1 E +OO 
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1 
EPA Threshold Levels L.E.C.R HI 

Threshold Conc. Threshold Conc. 

Radionuclides 
Uranium 233 & 234 
Uranium 235 
Uranium 238 
Americium 241 
Plutonium 239 & 240 
Tritium (gas)** 
Strontium 89 
Strontium 90 
Cesium 137 
Radium 226 
Radium 228 
Non-Radionuclides 
Arsenic 
Barium 
Beryllium 
Cadmium 
Chromium I11 
Chromium VI 
Manganese 
Mercury 
Hexachlorocyclohexane (alpha) 
Hexachlorocyclohexane (beta) 
Heptachlor 
Heptachlor Epoxide 
Aldrin 
Dieldrin 
DDT 
Chlordane (alpha, gamma) 
Toxaphene 
VOCs & Semi-VOCs 
Chloroform 
1,1,1 -Trichloroethane 
Carbon Tetrachloride 
Benzene 
Toluene 
Dichloromethane 
Xylenes 
MEK 
1,2-Dichloroethane 
Bromomethane 
Carbon Disulfide 
1,l -Dichloroethene 
1,l- Dich loroeth ane 
Vinyl Acetate 
1,3-DichIoropropene 
1,1,2-Trichloroethane 
Bromoform 
Tetrachloroethene 
Chlorobenzene 
Ethylbenzene 
Styrene 
Vinyl Chloride 
1,2- Dichloroethane 
1,2- Dichloropropane 
1,1,2,2-Tetrachloroethane 
2-Chloroethyi Ether 
1,4- Dichlorobenzene 
1,2-Dichlorobenzene 
Nitrobenzene 
Hexachloroethane 
1,2,4-Trichlorobenzene 
Hexachlorobutadiene 
Hexachlorocyclopentadiene 
2.4.6-Trichlorophenol 

Jcik 
2.67E+02 
2.88E+02 
3.01E+02 
1.80E+02 
1.76E +02 
9.25E+07 
249E+06 
1.29E +05 
1.47E +OS 
2.40E+03 
l.llE+04 

1.29E +02 

7.68E+02 
1.06E+03 

1.57E+03 

1.02E+03 
3.58E+03 
1.43E +03 
7.09E+02 
3.79E+02 
4.03E+03 
1.90E+04 
4.%E+03 
5.86E+03 

1.51E+00 

9.43E-01 
4.08E+00 

6.13E+01 

Ei& 

1.35E+00 

1.02E-01 

9.438-01 
2.15E+00 
3.14E+01 
6.81E+01 

6.13E+01 
4.23E+00 
1.35E+00 
9.43E -01 
6.13E-01 
1.1 1E-01 

8.75E+00 

1.57E+00 

l.llE+Ol 

w 
4.61E+04 

2.63E+02 
2.63E+02 
5.25E+03 
3.%E+03 

Wa 

2.63E+03 

5.25E+02 
7.88E+02 
7.88E+01 
7.88E+02 

1.75E+01 
2.63E+00 

8.75E+02 
5.25E+01 
5.25E+00 

4.38E+01 
2.63E+02 

1.75E +02 
3.50E+02 
5.25E+00 

2.63E+01 

1.75E -01 

Hexachlorobenzene 7.66E-02 
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1 
EPA Threrhold Levels L.E.C.R HI 

Threshold Couc. Threshold Conc. 

Radionuclides 
Uranium 233 & 234 
Uranium 235 
Uranium 238 
Americium 241 
Plutonium 239 & 240 
Tritium (gas)** 
Strontium 89 
Strontium 90 
Cesium 137 
Radium 22.6 
Radium 228 
Non-Radionuclida 
Arsenic 
Barium 
Beryllium 
Cadmium 
Chromium I11 
Chromium VI 
Manganese 
Mercury 
Hexachlorocyclohexane (alpha) 
Hexachlorocyclohexane (beta) 
Heptachlor 
Heptachlor Epoxide 
Aldrin 
Dieldrin 
DDT 
Chlordane (alpha, gamma) 
Toxaphene 
VOCs & Semi-VOCs 
Chloroform 
1,1,1 -Trichloroethane 
Carbon Tetrachloride 
Benzene 
Toluene 
Dichloromethane 
Xylenes 
MEK 
1,2 - Dicbloroethan e 
Bromometbane 
Carbon Disulfide 
1,l -Dichloroethene 
1,l -Dichloroethane 
Vinyl Acetate 
13-Dichloropropene 
1,1,2-Trichloroethane 
Bromoform 
Tetrachloroethene 
Chlorobenzene 
Ethylbenzene 
Styrene 
Vinyl Chloride 
1,2-Dichloroethane 
1,2- Dicbloropropane 
1,1,2,2-Tetrachloroethane 
2-Chloroethyi Ether 
1,4-Dichlorobenzene 
1,2- Dichlorobenzene 
Nitrobenzene 
Hexachloroethane 
1,2,4-Trichlorobenzene 
Hexachlorobu tadiene 
Hexachlorocyclopentadiene 
2,4,6 -Trichlorophenol 

P!ak 
2.72E+04 
2.94E+04 
3.06E+04 
1.84E+04 
1.79E+04 
9.41E+09 
2.538 +08 
131E+07 
1SOE+07 
2.45E+OS 
1.13E+06 

1.31E+04 

7.82E+04 
1.08E+OS 

1.60E+05 

sidg 

1.04E +OS 
3.65E +OS 
1.46E+OS 
7.21E+04 
3.86E+04 
4.10E +OS 
1.93E+06 
S.O5E+05 
5.97E+OS 

!!a& 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

m 
4.698+06 

2.67E+04 
2.67E+04 
5.35E + 05 
4.03Ei-05 

!!da 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
N/A 
NIA 
NIA 
NfA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

Hexachlorobenzene NIA NIA 
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TOPSOIL TRANSPORTATION BY SCRAPER - ZONE A 
EPA Threshold Levela L.E.C.R HI 

Threahold Conc. Threahold Conc. 

Radionuclides 
Uranium 233 & 234 
Uranium 235 
Uranium 238 
Americium 241 
Plutonium 239 & 240 
Tritium (gas)" 
Strontium 89 
Strontium 90 
Cesium 137 
Radium 226 
Radium 228 
Nom-Radionuclides 
Arsenic 
Barium 
Beryllium 
Cadmium 
Chromium 111 
Chromium VI 
Manganese 
Mercury 
Hexachlorocyclohexane (alpha) 
Hexachlorocyclohexane (beta) 
Heptachlor 
Heptachlor Epoxide 
Aldrin 
Dieldrin 
DDT 
Chlordane (alpha, gamma) 
Toxaphene 
VOCa & Semi-VOCa 
Chloroform 
1,1,1 -Trichloroethane 
Carbon Tetrachloride 
Benzene 
Toluene 
Dichloromethane 
Xylenes 
MEK 
1,2-Dichloroethane 
Bromomethaae 
Carbon Disulfide 
1,l  -Dichloroethene 
1,l -Dichloroethane 
Vinyl Acetate 
lf -Dichloropropene 
I,l,Z-Trichloroethane 
Bromoform 
Tetrachloroethene 
Chlorobenzene 
Ethylbenzene 
Styrene 
Vinyl Chloride 
1,2-Dichloroethaae 
1,2-Dichloropropane 
1.1,2,2-Tetrachloroethaae 
2-Chloroethyl Ether 
1,4 -Dich lorobenzen e 
1,2-Dichlorobenzene 
Nitrobenzene 
Hexachloroethane 
1,2,4-Trichlorobenzene 
H exachloro butadiene 
Hexachlorocyclopentadiene 
2.4.6 -TrichloroDhenol 

l?ak 
1.26E+00 
1.36E+00 
1.42E+00 

4.37E +OS 
1.17E+04 
6.08E+02 
6.95E+02 
1.14E+Ol 
5.24E+01 

2.4SE+00 

1.46E+01 
2.01E+01 

2.99E+01 

8.51E-01 
8.31E-01 

E& 

1.94E+01 
6.80E +01 
2.72E +01 
1.34E+01 
7.20E900 
7.65E+01 
3.60E+02 
9.41E+01 
l.llE+02 

E& 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NfA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

!!& 
8.74E+02 

4.98E+00 
4.98E+00 
9 . m + o 1  
7.52E +01 

!!&!lz 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA , ,  

Hexachlorobemene NIA NIA 
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MAJOR E X C A I  
EPA Threshold Levels L.E.C.R HI 

Threshold Conc. Threshold Conc. 

Radionaclides 
Uranium 233 & 234 
Uranium 235 
Uranium 238 
Americium 241 
Plutonium 239 & 240 
Tritium (gas)** 
Strontium 89 
Strontium 90 
Cesium 137 
Radium 226 
Radium 228 
Non-Radionuclides 
Anenic 
Barium 
Beryllium 
Cadmium 
Chromium I11 
Chromium VI 
Manganese 
Mercury 
Hexachlorocyclohexane (alpha) 
Hexachlorocyclohexane (beta) 
Heptachlor 
Heptachlor Epoxide 
Aldrin 
Dieldrin 
DDT 
Chlordane (alpha, gamma) 
Toxaphene 
VOCs & Semi-VOCs 
Chloroform 
1,1,1 -Trichloroethane 
Carbon Tetrachloride 
Benzene 
Toluene 
Dichloromethane 
Xylenes 
MEK 
1,2-Dichloroethane 
Bromomethane 
Carbon Disulfide 
1,l  -Dichloroethene 
1,l -Dichloroethane 
Vinyl Acetate 
1,3-Dichloropropene 
l,l,Z-Trichloroethane 
Bromoform 
Tetrachloroethene 
Chlorobenzene 
Ethylbenzene 
Styrene 
Vinyl Chloride 
1,2- Dichloroethane 
1,2 - Dichloropropane 
1,1,2,2-Tetrachloroethane 
2-Chbroethyl Ether 
1,4-Dichlorobenzene 
1,2-Dichlorobenzene 
Nitrobenzene 
Hexachloroethane 
1,2,4-Trichlorobenzene 
Hexachlorobutadiene 
Hexachlorocyclopentadiene 
2.4.6-Trichloroohenol 

pcilr 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
!E& 

9.80E+02 

7.78E+03 
2.72E +04 
1.09E+04 
5.38E+03 
2.88E+03 
3.06E+04 
1.44E+05 
3.77E+04 
4.45E+04 

E&!g 
3.27E-01 

2.03E -01 
8.82E - 01 

1.32E +01 

2.91E -01 

2.20E-02 

2.03E-01 
4.64E-01 
6.78E+OO 
1.47F,+01 

1.32E+O1 
9.12E-01 
2.91E-01 
2.03E-01 
1.32E -01 
2.40E-02 

1.89E+00 

3.39E -01 

2.40E +00 

E&!% 

3.50E + 05 

1.99E+03 
1.99E +03 
3.99E+04 
3.01E+aQ 

E&!fi 

5.67E+02 

1.13E+02 
1.70E +02 
1.70E +01 
1.70E +02 

3.78E+OO 
5.67E -01 

1.89E +02 
1.13E+01 
1.13E+OO 

9.45E+00 
5.67E+01 

3.78E +01 
7.56E +01 
1.13E+00 

5.67E+00 

3.78E-02 
I ,  

Hexach lorobenzene 1.65E -02 
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EPA Threshold Levels L.E.C.R HI 
Threshold Conc. Threahold Cow. 

Radionaclidca 
Uranium 233 & 234 
Uranium 235 
Jraniurn 238 
4mericium 241 
Plutonium 239 & 240 
rritium (gas)** 
Strontium 89 
Strontium 90 
Cesium 137 
Radium 226 
Radium 228 
Nom-Radionuclides 
Arsenic 
Barium 
Beryllium 
Cadmium 
Chromium I11 
Chromium VI 
Manganese 
MercuIy 
Hexachlorocyclohexane (alpha) 
Hexachlorocyclohexane (beta) 
Heptachlor 
Heptachlor Epoxide 
Aldrin 
Dieldrin 
DDT 
Chlordane (alpha, gamma) 
Toxaphene 
VOCs & Semi-VOCs 
Chloroform 
l,l,l-Trichloroethane 
Carbon Tetrachloride 
Benzene 
Toluene 
Dichloromethane 
Xylenes 
MEK 
1,2-Dichloroethane 
Brornomethane 
Carbon Disulfide 
1,l -Dichloroethene 
1 , l  -Dichloroethane 
Vinyl Acetate 
1,3-Dichloropropeoe 
1,1,2-Trichloroethane 
Bromoform 
Tetrachloroethene 
Chlorobenzene 
Ethylbenzene 
Styrene 
Vinyl Chloride 
1,2- Dichloroethane 
1,2-Di&loropropane 
1,1,2,2-Tetrachloroethane 
2-Chloroethyl Ether 
1,4-Dichlorobenzene 
1,Z-Dichlorobenzene 
Nitrobenzene 
Hexachloroethane 
1,2,4-Trichlorobenzene 
Hexachlorobutadiene 
Hexachlorocyclopentadiene 
2,4,6 -Trichloroph enol 

DCi/g 
1.04E+04 
1.12E+04 
1.16E +04 
6.99E+03 
6.82E+03 
3.588+09 
9.64E+07 
4.99E+06 
5.70E+06 
9.32E + 04 
4.30E+05 

1.00E+04 

5.95E+04 
8.19E+04 

1.22E +05 

!!& 

7.93E+04 
2.788 + 05 
l . l lE+05 
5.49E+04 
2.94E+04 
3.12E +05 
1.47E +06 
3.84E+05 
4.54E+05 

3.64E+03 

2.27E+03 
9.83E+03 

1.47E +05 

!!& 

3.24E+03 

2.46E+02 

2.27E +03 
5.17E+03 
7.56E +04 
1.64E+05 

1.47E +05 
1.02E+04 
3.24E+03 
2.27E+03 
1.47E + 03 
2.68E+02 

2.11E+04 

3.78E+03 

2.68E+04 

Uk 

3.57E +06 

2.04E +04 
2.04E+04 
4.07E+05 
3.07E +05 

!!i& 

6.32E+06 

1.26E+06 
1.90E+06 
1.90E + 05 
1.90E+06 

1.05E +05 
6.32E+05 

4.21E+05 
8.42E +05 
1.26E+04 

6.32E+04 

4.21E +02 

Hexachlorobenzene 1.84E +02 
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1 
EPA Threshold Levels L - E. C - R H I  _ _ ~ ~  -~ ~._ 

ThrGhoid Cone. Threshold Conc. 

Radioaaciida 
Uranium 233 & 234 
Uranium 235 
Jranium 238 
4mericium 241 
Plutonium 239 & 240 
I‘ritium (gas)** 
Strontium 89 
Strontium 90 
h i u m  137 
Radium 226 
Radium 228 
No. -Radionaclida 
4rsenic 
Barium 
Beryllium 
2admium 
Clhromium 111 
Clhromium VI 
Manganese 
Mercury 
Hexachlorocyclohexane (alpha) 
Hexachlorocyclohexane (beta) 
Heptachlor 
Heptachlor Epoxide 
Aldrin 
Dieldrin 
DDT 
Chlordane (alpha, gamma) 
Toxaphene 
VOCs & Semi-VOCs 
Chloroform 
1,1,1 -Trichloroethane 
Carbon Tetrachloride 
Benzene 
Toluene 
Dichloromethane 
Xylenes 
MEK 
1,2-Dichloroethane 
Bromomethane 
Carbon Disulfide 
1,l -Dichloroethene 
1,l -Dichloroethane 
Vinyl Acetate 
1.3 -Dichloropropene 
1,1,2-Trichloroethane 
Bromoform 
Tetrachloroethene 
Chlorobenzene 
Ethylbenzene 
Styrene 
Vinyl Chloride 
1,2- Dichloroethane 
1,2-Dichloropropane 
1,1,2,2-Tetrachloroethane 
2-Chloroethyl Ether 
1,4-Dichlorobenzene 
1,2-Dichlorobenzene 
Nitrobenzene 
Hexachloroethane 
1,2,4-Trichlorobenzene 
Hexachlorobutadiene 
Hexachlorocyclopentadiene 
2,4,6 -Trichlorophenol 

&.& 
2.76E +02 
2.98E+02 
3.1 1E +02 
1.86E+02 
1.82E +02 
9S5E +07 
2.57E+06 
1.33E +OS 
1.52E +OS 
2.48E +03 
1.1SE+04 

2.67E+02 

1.59E +03 
2.18E +03 

3.2SE+03 

lldcr 

2.12E+03 
7.40E+03 
2.%E +03 
1.46E +03 
7.848+02 
8.33E +03 
3.82E+04 
1.03E+04 
1.21E+04 

!!&!g 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
N/A 
NIA . NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NtA 
NIA 
NIA 
NIA 
NIA 
NIA 

!!I.%% 

9.52E+04 

5.43E+02 
S.438+02 
1.09E+04 
8.19E+03 

!!&!g 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
N/A 
NIA 
MIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

Hexachlorobenz&e NIA NIA 
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EPA Threshold Levels L.E.C.R HI 

Threshold Conc. Threshold Conc. 

Radionuclides 
Uranium 233 & 234 
Uranium 235 
Uranium 238 
Americium 241 
Plutonium 239 & 240 
Tritium (gas)** 
Strontium 89 
Strontium 90 
Cesium 137 
Radium 226 
Radium 228 
Non-Radionnclida 
Arsenic 
Barium 
Beryllium 
Cadmium 
Chromium I11 
Chromium VI 
Manganese 
Mercury 
Hexachlorocyclohexane (alpha) 
Hexachlorocyclohexane (beta) 
Heptachlor 
Heptachlor Epoxide 
Aldrin 
Dieldrin 
DDT 
Chlordane (alpha, gamma) 
Toxaphene 
V o c t  & Semi-VOCs 
Chloroform 
1,1,1 -Trichloroethane 
Carbon Tetrachloride 
Benzene , 

Toluene 
Dichloromethane 
Xylenes 
MEK 
1,2-Dichloroethane 
Bromomethane 
Carbon Disulfide 
1,l -Dichloroethene 
1,l -Dichloroethane 
Vinyl Acetate 
13-  Dichloropropene 
1,1,2-Trichloroethane 
Bromoform 
Tetrachloroethene 
Chlorobenzene 
Ethylbenzene 
Styrene 
Vinyl Chloride 
1,2-Dichloroethane 
1,2-Dichloropropane 
1,1,2,2-Tetrachloroethane 
2-Chloroethyl Ether 
1,4-Dichlorobenzene 
1,2-Dichlorobenzene 
Nitrobenzene 
Hexachloroethane 
1,&4 -Trichlorobenzene 
Hexachlorobutadiene 
Hexacblorocyclopentadiene 
2,4,6-TrichlorophenoI 

pci/g 
2.76E +01 
2.98E +01 
3.11E+01 
1.86E+01 
L82E +01 
9.55E+06 
2.57E+05 
1.33E +04 
1.52E+04 
2.48E+02 
1.15E+03 

2.67E+01 

1.59E+02 
2.18E+02 

3.25E +02 

!!& 

2.12E+02 
7.40E+02 
2.%E +02 
1.46E +02 
7.84E+01 
8.338+02 
3.92E +03 
1.03E+03 
1.21E+03 

!!& 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NfA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

!!& 

9.52E+03 

5.43E +01 
5.4333+01 
1.09E+03 
8.19E +02 

!!& 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA . 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
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BATCH D j  
EPA Threshold Levels L.E.C.R HI 

Threshold Conc. Threshold CORC. 

Radionuclides 
Uranium 233 & 234 
Uranium 235 
Uranium 238 
Americium 241 
Plutonium 239 & 240 
Tritium (gas)** 
Strontium 89 
Strontium 90 
Cesium 137 
Radium 226 
Radium 228 
Non-Radionuclides 
Arsenic 
Barium 
Beryllium 
Cadmium 
Chromium I11 
Chromium VI 
Manganese 
Mercury 
Hexachlorocyclohexane (alpha) 
Hexachlorocyclohexane (beta) 
Heptachlor 
Heptachlor Epoxide 
Aldrin 
Dieldrin 
DDT 
Chlordane (alpha, gamma) 
Toxaphene 
VOCt & Semi-VOCI 
Chloroform 
1,1,1 -Trichloroethane 
Carbon Tetrachloride 
Benzene 
Toluene 
Dichloromethane 
Xylenes 
MEK 
1,2-Dichloroethane 
Bromomethane 
Carbon Disulfide 
1,l  -Dichloroethene 
1,l -Dichloroethane 
Vinyl Acetate 
13- Dichloropropene 
1,1,2-Trichloroethane 
Bromoform 
Tetrachloroethene 
Chlorobenzene 
Ethylbenzene 
Styrene 
Vinyl Chloride 
1,2-Dichloroethane 
1,2-Dichloropropane 
1,1,2,2-Tetrachloroethane 
2-Chloroethyi Ether 
1,4- Dichlorobenzene 
1,2-Dichlorobenzene 
Nitrobenzene 
Hexachloroethane 
1,2,4-Trichlorobenzene 
Hexachlorobu tadiene 
Hexachlorocyclopentadiene 
2.4.6-Trichlorouhenol 

5.51E+06 
5.%E+06 
6.20E+06 
3.72E+06 
3.63E+06 

5.13E+ 10 
2.66E+09 
3.04E +W 
4.%E+W 
2.29E+08 

1.91E+12 

E& 
6.64E+05 

5.27E +06 
1.84E +07 
7.37E906 
3.65E+06 
1.95E+06 
2.07E+07 
9.76E +07 
2.55E +07 
3.02E+07 

E& 
2.63E +02 

1.07E +04 

E& 

2.37E+08 

1.35E+06 
1.35E+06 
2.70E +07 
2.04E + 07 

E& 
4.57E+0 

9.14E+04 
1.37E +05 
1.37E+04 
1.37E+05 

2.34E+02 
3.05E+03 
4.57E +02 

1.78E+01 
1.52E+05 
9.14E +03 
9.14E+02 

7.62E+03 
4.57E +04 

1.07E+04 
7.358+02 
2.348 +02 
1.64E+02 
1.07E +02 
1.94E +01 

3.05E +04 
6.09E+04 
9.14E +02 

1.52E +03 
4.57E+03 

2.73E+02 
3.05E +01 

1.94E +03 
I ,  

Hexachlorobenzene 1.33E +01 
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TOPSOIL RBMOVED BY SCRAPER - ZONE B 
EPA Threshold Levels L.E.C.R H I  

Threshold Conc. Threshold Conc. 

Radionuclides 
Uranium 233 & 234 
Uranium 235 
Uranium 238 
Americium 241 
Plutonium 239 & 240 
Tritium (gas)** 
Strontium 89 
Strontium 90 
Cesium 137 
Radium 226 
Radium 228 
No.-Radionuclides 
Anenic 
Barium 
Beryllium 
Cadmium 
Chromium I11 
Chromium VI 
Manganese 
Mercury 
Hexachlorocyclohexane (alpha) 
Hexachlorocyclohexane (beta) 
Heptachlor 
Heptachlor Epoxide 
Aldrin 
Dieldrin 
DDT 
Chlordane (alpha, gamma) 
Toxaphene 
VOCs & Semi-VOCs 
Chloroform 
1,1,1 -Trichloroethane 
Carbon Tetrachloride 
Benzene 
Toluene 
Dichloromethane 
Xylenes 
MEK 
1,2-Dichloroethane 
Bromomethane 
Carbon Dmulfide 
1,l -Dichloroethene 
1,l  -Dichloroethane 
Vinyl Acetate 
1,3-Dichloropropene 
1,1,2-Trichlotoethane 
Bromoform 
Tetrachloroethene 
Chlorobenzene 
Ethylbenzene 
Styrene 
Vinyl Chloride 
1,2- Dichloroethane 
1,2- Dichloropropane 
1,1,2,2-Tetrachloroethane 
2-Chloroethyf Ether 
1.4-Dichlorobenzene 
1,2-Dichlorobenzene 
Nitrobenzene 
Hexachloroethane 
1,2,4-Trichlorobenzene 
Hexachloro bu tadiene 
Hexachlorocyclopentadiene 
2,4,6-TrichlorophenoI 

J.ggg 
6.58E+02 
7.10E +02 
7.40E+02 
4.44E+02 
4.338+02 
2.28E +08 
6.12E+06 
3.1=.+05 
3.62E +OS 
5.92E+03 
2-73E+04 

3.18E +02 

1.89E +03 
2.60E+03 

3.87E+03 

2.52E+03 

3.53E+03 
1.75E +03 
9.34E+02 
9.93E+03 
4.67E+04 
1.22E+04 
1.44E+04 

3.73E+OO 

2.32E + 00 
l.OlE+Ol 

1.51E +02 

8.82E +03 

3.32E+OO 

2.5lE-01 

2.32E+OO 
5.29E+OO 
7.74E +01 
1.68E+02 

1.51E +02 
1.04E+O1 
3.32E+OO 
2.32E +00 
1.51E+00 
2.74E -01 

2.16E+01 

3.87E+OO 

2.74E +01 

rn 
1.13E+05 

6.47E+02 
6.47E+02 
1.29E+04 
9.76E+03 

9d.g 

6.47E +03 

1.29E + 03 
1.94E +03 
1.94E +02 
1.94E+03 

4.31E+01 
6.47E+OO 

2.16E +03 
1.29E+02 
1.29E +01 

1.08E +02 
6.47E +02 

4.31E+02 
8.628+02 
1.29E+01 

6.47E+01 

4.31E-01 

HexachlorobenGne 1.89E-01 
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TOPSOIL UNLOADING BY SCRAPER (BATCH DROP) - ZONE B 
EPA Threshold Levels L.E.C.R HI  

Threshold Conc. Threshold Conc. 

Radionnclides 
Uranium 233 & 234 
Uranium 235 
Uranium 238 
Americium 241 
Plutonium 239 & 240 
Tritium (gas)** 
Strontium 89 
Strontium 90 
Cesium 137 
Radium 226 
Radium 228 
No.-Radionoclida 
Anenic 
Barium 
BeryUium 
Cadmium 
Chromium 111 
Chromium VI 
Manganese 
Mercury 
Hexachlorocyclohexane (alpha) 
Hexachlorocyclohexane (beta) 
Heptachlor 
Heptachlor Epoxide 
Aldrin 
Dieldrin 
DDT 
Chlordane (alpha, gamma) 
Toxaphene 
VOCI & Semi-VOCs 
Chloroform 
1,1,1 -Trichloroethane 
Carbon Tetrachloride 
Benzene 
Toluene 
Dichloromethane 
Xylenes 
MEK 
1,2-Dichloroethane 
Bromomethane 
Carbon Disulfide 
1, l  -Dichloroethene 
1,l -Dichloroethane 
Vinyl Acetate 
If -Dichloropropene 
1,1,2-Trichloroethane 
Bromoform 
Tetrachloroethene 
Chlorobenzene 
Ethylbenzene 
Styrene 
Vinyl Chloride 
l,2-Dichloroethane 
1,2- Dichloropropane 
1,1,2,2-Tetrachloroethane 
2-Chloroethyl Ether 
1,4-Dichlorobenzene 
1,2- Dichlorobenzene 
Nitrobenzene 
Hexachloroethane 
1,2,4-Trichlorobenzene 
Hexachlorobutadiene 
Hexachlorocyclopentadien e 
2,4,6-Trichlorophewl 

a 
6.70E+04 
7.23E+04 
7.53E+04 
4.52E+04 
4.41 E + 04 
2.32E + 10 
6.23E+08 
3.23E+07 
3.698 +07 
6.03E+05 
2.78B +06 

3.23E+04 

1.92E+OS 
2.65E +OS 

3.94E+05 

!!I& 

2.57E +OS 
8.98E+05 
3.59E+O5 
1.78E+OS 
9.51E +04 
1.01E+06 
4.76E+06 
1.24E+06 
1.47E+06 

!!&!g 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
N/A 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

E& 

l.lSE+07 

658E+04 
658E+04 
1.32E+06 
9.93E+OS 

!!I& 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

Hexachlorobenzene NIA NIA 
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8 
EPA Threshold Levels L.E.C.R HI 

Threshold Conc. Threshold Conc. 

Radionmclidea 
Uranium 233 & 234 
Uranium 235 
Uranium 238 
Americium 241 
Plutonium 239 & 240 
Tritium (gas)** 
Strontium 89 
Strontium 90 
Cesium 137 
Radium 226 
Radium 228 
Noa-Radioamclida 
Arsenic 
Barium 
Beryllium 
Cadmium 
Chromium I11 
Chromium VI 
Manganese 
Mercury 
Hexachlorocyclohexane (alpha) 
Hexachlorocyclohexane (beta) 
Heptachlor 
Heptachlor Epoxide 
Aldrin 
Dieldrin 
DDT 
Chlordane (alpha, gamma) 
Toxaphene 
VOCI & Semi-VOCa 
Chloroform 
1,1,1 -Trichloroethane 
Carbon Tetrachloride 
Benzene 
Toluene 
Dichloromethane 
Xylenes 
MEK 
1,2-Dichloroethane 
Bromomethane 
Carbon Disulfide 
1,l -Dichloroethene 
1,l -Dichloroethane 
Vinyl Acetate 
1.3- Dichloropropene 
1,1,2-Trichloroethane 
Bromoform 
Tetrachloroethene 
Chlorobenzene 
Ethylbenzene 
Styrene 
Vinyl Chloride 
1,2-Dichloroethane 
1,2-Dichloropropane 
1,1,2,2-Tetrachloroethane 
2-Chloroethyi Ether 
1,4-DichIorobenzene 
1,2-Dichlorobenzene 
Nitrobenzene 
Hexachloroethane 
1,2,4 -Trichlorobenzene 
Hexachlorobu tadiene 
Hexachlorocyclopentadiene 
2,4,6-TrichlorophenoI 

Icik 
3.11E+00 
3.35E +00 
3.49E+00 
2.10E+00 
2.OSE+00 
1.08E+06 
2.89E+04 
1.50E+03 
L71E +03 
2.80E+01 
1.29E +02 

6.03E +00 

3.59E +01 
4.94E+01 

* 

7.35E+01 

4.%E +01 

6.70E +01 
1.67E +02 

3.31E+01 
1.77E+01 
1.88E+02 
8.86E +02 
2.32E + 02 
2.74E+02 

& 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

!!& 

2.15E +03 

1.23E+01 
1.23E+01 
2.45E +02 
1.85E+02 

E& 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

Hexachloroben&ne NIA NIA 
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4 
EPA Threshold Levels L.E.C.R HI 

Threshold Conc. Threshold Conc. 

Radionuclides 
Uranium 233 & 234 
Uranium 235 
Uranium 238 
Americium 241 
Plutonium 239 & 240 
Tritium (gas)’* 
Strontium 89 
Strontium 90 
Cesium 137 
Radium 226 
Radium 228 
Nom-Radionuclides 
Arsenic 
Barium 
Beryllium 
Cadmium 
Chromium 111 
Chromium VI 
Manganese 
Mercury 
Hexachlorocyclohexane (alpha) 
Hexachlorocyclohexane (beta) 
Heptachlor 
Heptachlor Epoxide 
Aldrin 
Dieldrin 
DDT 
Chlordane (alpha, gamma) 
Toxaphene 
VOCI & Semi-VOC. 
Chloroform 
1,1,1 -Trichloroethane 
Carbon Tetrachloride 
Benzene 
Toluene 
Dichloromethane 
Xylenes 
MEK 
1,2-Dichloroethane 
Bromomethane 
Carbon Disulfide 
1,l -Dichloroethene 
1,l -Dichloroethane 
Vinyl Acetate 
1,3- Dichloropropene 
1,1,2-Trichloroethane 
Bromoform 
Tetrachloroethene 
Chlorobenzene 
Ethylbenzene 
Styrene 
Vinyl Chloride 
1.2-Dichloroethane 
1,2-Dichloropropane 
1,1,2,2-Tetrachloroethane 
2-Chloroethyl Ether 
1,4 - Dichlorobenzene 
1,2- Dichlorobenzene 
Nitrobenzene 
Hexachloroethane 
1,2,4-TrichIorobenzene 
Hexachlorobutadiene 
Hexachlorocyclopentadiene 
2.4.6-Trichloro~hewl 

pci/r: 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
lrdh 

2.41E+03 

1.44E+04 
1.98E +04 

2.94E+04 

~ 9 2 E  +04 
6.70E+04 
2.68E+04 
1.33E +04 
7.10E+03 
7.54E+04 
3.55E +OS 
9.28E+04 
l.l0E+05 

E& 
8.04E-01 

5.01E-01 
2.17E+00 

3.26E+01 

7.16E-01 

5.43E-02 

5.01E-01 

1.67E+O1 
3.62E+O1 

1.14E+00 

lrdh 
8.62E +05 

4.91E + 03 
4.91E+03 
9.83E +04 
7.41E+04 

lrdh 
1.40E+03 

2.798 +02 
4.19E+02 
4.19E+01 
4.19E+02 

9.3OE+00 
1.40E+00 

4.65E +02 
2.79E +01 
2.79E + 00 

3.26E +01 
2.25E+00 
7.16E-01 
5.01E-01 
3.26E -01 
5.92E-02 

4.65E+00 
1.40E+01 

8.35E-01 
9.3OE-02 

5.92E+00 
H&chlorobenzke 4.07E-02 



ATI'ACHMENT A.3.5 
ZONE C CNXULATIONS 
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EPA Threshold Levels L . E. C - R HI 
Threshold Conc. Threshold Conc. 

Radionuclides 
Jranium 233 & 234 
Jranium 235 
Jranium 238 
4mericium 241 
?lutonium 239 & 240 
l'ritium (gas)** 
Strontium 89 
Strontium 90 
Zesium 137 
aadium 226 
aadium 228 
Hon - Radionuclides 
4nenic 
Barium 
Beryllium 
Zadmium 
2hromium 111 
2hromium VI 
Manganese 
Mercury 
Hexachlorocyclohexane (alpha) 
Hexachlorocyclohexane (beta) 
Heptachlor 
Heptachlor Epoxide 
Aldrin 
Dieldrin 
DDT 
Chlordane (alpha, gamma) 
roxaphene 
VOCI it Semi-VOCa 
Chloroform 
1,1,1 -Trichloroethane 
Carbon Tetrachloride 
Benzene 
roluene 
Dichloromethane 
Xylenes 
MEK 
1,2-Dichloroethane 
Bromomethane 
Carbon Disulfide 
1,l -Dichloroethene 
1.1 -Dichloroethane 
Vinyl Acetate 
1,3-Dichloropropene 
1,1,2-Trichloroethane 
Bromoform 
Tetrachloroethene 
Chlorobenzene 
Ethylbenzene 
Styrene 
Vinyl Chloride 
1,2-Dichloroethane 
1,2-Dichloropropane 
1,1,2,2-Tetrachloroethane 
2-Chloroethyl Ether 
1,4-Dichlorobenzene 
1,2- Dichlorobenzene 
Nitrobenzene 
Hexachloroethane 
1,2,4-Trichlorobenzene 
Hexachlorobutadiene 
Hexachlorocyclopentadiene 

2.26E+04 
1.36E+04 
1.33E +04 
6.97E+09 
1.87E+08 
9.70E+06 
1.11E+07 
1.81E+05 
8.36E+05 

lldh 
1.94E+04 

1.16E+05 
1.59E +05 

2.37E +05 

1.54E +05 
5.40E+05 
2.16E +05 
1.07E + 05 
5.72E + 04 
6.07E +05 
2.863+06 
7.48E+05 
8.84E+O5 

lldh 
7.08E+03 

2.87E +05 

6.30E+03 

4.78E+02 

4.41E+03 
1.01E+04 
1.47E +OS 
3.18E+05 

lldh 
6.94E +06 

3.%E+04 
3.%E+04 
7.91E+05 
5.97E+05 

!E& 

1.23E +07 

2.46E+06 
3.68E+06 
3.68E+05 
3.68E +06 

8.19E+04 
1.23E+04 

4.09E+06 
2.46E +05 
2.46E +04 

2.05E +05 
1.23E+06 

2.87E +05 
1.98E+04 
6.30E+03 
4.41E+03 
2.87E +03 
5.21 E + 02 

4.098+04 
1.23E+05 

7.35E+03 
8.19E+02 

2,4,6-TrichlbrophenoI 5.21E+04 
Hexachlorobenzene 3.58E+02 
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m e  Traffic - Lieht(l0 VKTIDaVI - Zone C 
EPA Threshold Levels L.E.C.R HI 

Threshold Conc. Threshold Conc. 

Radionuclides 
Uranium 233 & 234 
Uranium 235 
Uranium 238 
Americium 241 
Plutonium 239 & 240 
Tritium (gas)** 
Strontium 89 
Strontium 90 
Cesium 137 
Radium 226 
Radium 228 
Non-Radionuclides 
Arsenic 
Barium 
Beryllium 
Cadmium 
Chromium I11 
Chromium VI 
Manganese 
Mercury 
Hexachlorocyclohexane (alpha) 
Hexachlorocyclohexane (beta) 
Heptachlor 
Heptachlor Epoxide 
Aldrin 
Dieldrin 
DDT 
Chlordane (alpha, gamma) 
Toxaphene 
V o c t  & Semi-VOCs 
Chloroform 
1,1,1 -Trichloroethane 
Carbon Tetrachloride 
Benzene 
Toluene 
Dichloromethane 
Xylenes 
MEK 
1,2-Dichloroethane 
Bromomethane 
Carbon Disulfide 
1,l -Dichloroethene 
1,l -Dichloroethane 
Vinyl Acetate 
1,3-Dichloropropene 
1,1,2-Trichloroethane 
Bromoform 
Tetrachloroethene 
Chlorobenzene 
Ethylbenzene 
Styrene 
Vinyl Chloride 
1,2-Dichloroethane 
1,2- Dichloropropane 
1,1,52-Tetrachloroethane 
2-Chloroethyl Ether 
1,4-Dichlorobenzene 
1,2-Dichlorobenzene 
Nitrobenzene 
Hexachloroethane 
1,2,4-Trichlorobenzene 
Hexachlorobutadiene 
Hexachlorocyclopentadiene 
2+4,6-Trichlorophenol 

e 
5.2SE+02 
5.67E+02 
5.90E+02 
3.54E+02 
3.4SE+02 
1.82E+08 
4.88E+06 
2.53E +OS 
2.89E+05 
4.72E +03 
2.18E+04 

S&!g 
5.07E+02 

3.02E +03 
4.15E+03 

6.18E+03 

4.02E+03 
1.41E+04 
5.63E+03 
2.78E+03 
1.49E +03 
1.58E+04 
7.45E+04 
1.95E+04 
2.30E+04 

m 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

m 
1.81E+05 

1.03E+03 
1.03E+03 
2.06E+04 
1.56E+04 

m 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 



I 
I 

8 
1 
1 
8 
1 
I 
I 
I 

8 1  

Y 

.h 

r 
8 
1 
-e' 
P 
8 .... ....,.. . . . .,. .. .. i.... ........ .:.;.:.: 

:.:;.:. 
.... .... .... .... .... .... .... ,... 
.... .... .... .... .... ... 
.vi.. ....... .... .... .... .... .... .... .... .... ... . . .,. ........ 
.e:.: 

3 

2 "  ss 
i! .% 
3 -  
r 8  
= k  
Bq 
z a  



I 



rehide Traffic - Heaw(100 VKTIDav) - Zone C 
{PA Threshold Levels L.E.C.R HI 

Threshold Conc. Threshold Conc, 

tadionuclidtr 
Jranium 233 & 234 
Jranium 235 
Jranium 238 
4mericium 241 
'lutonium 239 & 240 
rritium (gas)** 
itrontium 89 
itrontium 90 
b i u m  137 
ladium 226 
Zadium 228 
Yon-Radionuclides 
inenic 
3arium 
3eryllium 
Jadmium 
:hromium 111 
:hromium VI 
Uanganese 
Uercury 
4exachlorocyclohexane (alpha) 
4exachlorocyclohexane (beta) 
4eptachlor 
4eptachlor Epoxide 
4ldrin 
Dieldrin 
DDT 
Zhlordane (alpha, gamma) 
roxaphene 
VOCa & Semi-VOCs 
Zhhloroform 
1, l J  -Trichloroethane 
Zarbon Tetrachloride 
Benzene 
roluene 
Dichloromethane 
Kylenes 
MEK 
1,2-Dichloroethane 
Bromomethane 
Carbon Disulfide 
1,l -Dichloroethene 
1 , l  -Dichloroethane 
Vinyl Acetate 
13-  Dichloropropene 
1,1,2-TrichIoroethane 
Bromoform 
Tetrachloroethene 
Chlorobenzene 
Ethylbenzene 
Styrene 
Vinyl Chloride 
1,2- Dichloroethane 
1,2-Dichloropropane 
1,1,2,2-Tetrachloroethane 
2-Chloroethyl Ether 
1,4-Dichlorobenzene 
1,2-Dichlorobenzene 
Nitrobenzene 
Hexachloroethane 
1,2,4-Trichlorobenzene 
Hexachlorobutadiene 
Hexachlorocyclopentadiene 
2,4,6-Trichlorophenol 

pcilr! 
5.25E+01 
5.67E+01 
5.90E+01 
3.54E +01 
3.45E+Ot 
1.82E +07 
4.88E+05 
2.53E+04 
2.89E+04 
4.72E+02 
2.18E +03 

5.07E+01 

3.02E+02 
4.15E +02 

6.18E+02 

lp%I: 

4.02E+02 
1.41E +03 
5.63E+02 
2.78E+02 
1.49E+02 
1 .58E + 03 
7.45E+03 
1.9SE+03 
2.30E +03 

!!I& 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

!!I& 

1.81E+04 

1.03E+02 
1.03E +02 
2.06E+03 
1.56E+03 

!!I& 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

HexachlorobenGne NIA NIA 
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BATCH DROP CALCULATION - TEST PITS - ZONE C 
EPA Threshold Levels L.E.C.R HI 

Threshold Conc. Threshold Conc. 

Radionuclides 
Uranium 233 & 234 
Uranium 235 
Uranium 238 
Americium 241 
Plutonium 239 & 240 
Tritium (gas)" 
Strontium 89 
Strontium 90 
Cesium 137 
Radium 226 
Radium 228 
Non-Radionuclides 
Arsenic 
Barium 
Beryllium 
Cadmium 
Chromium I11 
Chromium VI 
Manganese 
Mercury 
Hexachlorocyclohexane (alpha) 
Hexachlorocyclohexane (beta) 
Heptachlor 
Heptachlor Epoxide 
Aldrin 
Dieldrin 
DDT 
Chlordane (alpha, gamma) 
Toxaphene 
V o c t  & Semi-VOCs 
Chloroform 
1,1,1 -Trichloroethane 
Carbon Tetrachloride 
Benzene 
Toluene 
Dichloromethane 
Xylenes 
MEK 
1,2-Dichloroethane 
Bromomethane 
Carbon Disulfide 
1,l -Dichloroethene 
1,l -Dichloroethane 
Vinyl Acetate 
13- Dichloropropene 
1,1,2-Trichlome&ane 
Bromoform 
Tetrachloroethene 
Chlorobenzene 
Ethylbenzene 
Styrene 
Vinyl Chloride 
1,2- Dichloroethane 
1,2-Dichloropropane 
1,1,2,2-Tetrachloroethane 
2-Chloroethyl Ether 
1,4-Dichlorobenzene 
1.2- Dichlorobenzene 
Nitrobenzene 
Hexachloroethane 
1,2,4-Trichlorobenzene 
Hexachlorobutadiene 
Hexachlorocyclopentadiene 
2.4.6-Trichloro~henol 

PGik 
1.05E +07 
1.13E+07 
1.18E+07 
7.07E+06 
6.90E+06 
3.63E+12 
9.76E + 10 
5.OSE+09 
5.78E+09 
9.43E+07 
4.35E +08 

lldh 
1.26E+06 

1.00E+07 
3.50E+07 
1.40E+07 
6.93E+06 
3.71E+06 
3.94E +07 
1.85E+08 
4.85E+07 
5.73E+07 

5.00E+02 
!Xk 

3.12E+02 
1.35E +03 

2.03E +04 

4.45E+02 

3.38E+01 

3.12E + 02 
7.11E+02 
1.04E+04 
2 . m + 0 4  

2.03E+04 
1.40E +03 
4.45E +02 
3.12E+02 
2.03E + 02 
3.68E+01 

2.90E+03 

5.20E+02 

3.68E +03 

lldh 
4.50E+08 

2.57E+06 
2.57E+06 
5.13E +07 
3.87E+07 

8.69E +OS 

1.74E+05 
2.6 1E+05 
2.61E+04 
2.61E +OS 

5.79E+03 
8.69E+02 

2.90E+05 
1.74E +04 
1.74E + 03 

1.45E+04 
8.69E +04 

5.79E+04 
1.16E+05 
1.74E+03 

8.69E+03 

5.79E +01 
, .  

Hexachlorobenzene 2.53E+01 
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1 
EPA Threahold Levels L.E.C.R HI 

Threshold Conc. Threshold Coac. 

Radioauclides 
Uranium 233 & 234 
Uranium 235 
Uranium 238 
Americium 241 
Plutonium 239 & 240 
Tritium (gas)** 
Strontium 89 
Strontium 90 
Cesium 137 
Radium 27.6 
Radium 228 
No. -Radionaclidea 
Arsenic 
Barium 
Beryllium 
Cadmium 
Chromium 111 
Chromium VI 
Manganese 
Mercury 
Hexachlorocyclohexane (alpha) 
Hexachlorocyclohexane (beta) 
Heptachlor 
Heptachlor Epoxide 
Aldrin 
Dieldrin 
DDT 
Chlordane (alpha, gamma) 
Toxaphene 
VOCs & Semi-VOCs 
Chloroform 
1,1,1 -Trichloroethane 
Carbon Tetrachloride 
Benzene 
Toluene 
Dichloromethane 
Xylenes 
MEK 
1,2-Dichloroethane 
Bromomethane 
Carbon Disulfide 
1,l -Dichloroethene 
1,l  -Dichloroethane 
Vinyl Acetate 
1,3-Dichloropropene 
1,1,2-Trichloroethane 
Bromoform 
Tetrachloroethene 
Chlorobenzene 
Ethylbenzene 
Styrene 
Vinyl Chloride 
1,2 - Dichloroethane 
1,2- Dichloropropane 
1,1,2,2 -T etrachloroethane 
2-Chloroethyi Ether 
1,4 - Dichlorobenzene 
1,2-Dichlorobenzene 
Nitrobenzene 
Hexachloroethane 
12.4 - Tr ichlorobenzene 
Hexachlorobutadiene 
Hexachlorocyclopentadiene 
2.4.6 -TrichloroDhenol 

Dci/r 
1.25E +03 
1.35E +03 
1.41E+03 
8.44E+02 

4.33E +08 
8.23E +02 

1.16E +07 
6.03E +OS 
6.89E+05 
1.13E+04 
5.19E+04 

E& 
6.04E+02 

3.59E+03 

7.36E+03 

4.95E +03 

4.79E +03 
1.68E+04 
6.71E +03 
3.32E+03 
1.78E +03 
1.89E+04 
8.88E+04 
2.32E+04 
2.74E+04 

7.08E+OO 
E& 

4.4 1 E +00 
1.91E+01 

2.87E+02 

6.30E +OO 

4.78E -01 

4.41E+OO 
1.01E+01 
1.47E +02 
3.19E+02 

E& 
2.16E +05 

1.23E +03 
1.23E +03 
2.46E+04 
1.85E+04 

E& 
1.23E+04 

2.46E+03 

3.69E +02 
3.69E +03 

3.69E+03 

8.19E+01 
1.23E+Ol 

4.10E +03 
2.46E+02 
2.468+01 

2.05E+02 
l.23E +03 

2.87E +02 
1.98E +01 
6.30E +00 
4.41E+OO 

5.21E-01 
2.87E+00 

8.19E+02 
1.64E +03 
2.46E +01 

4.10E+01 
1.23E+02 

7.35E + 00 
8.19E -01 

.5.21E+01 , ,  

Hexachlorobenzene 3.58E-01 
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1 
BPA Threshold Levels L.E.C.R HI 

Threshold Conc. Threshold Conc. 

Radionoclida 
Uranium 233 & 234 
Uranium 235 
Uranium 238 
Americium 241 
Plutonium 239 & 240 
Mtium (gas)** 
Strontium 89 
Stmntium 90 
Cesium 137 
Radium 226 
Radium 228 
Nom- Radioomclida 
Anenic 
Barium 
Beryllium 
Cadmium 
Chromium 111 
Chromium VI 
Manganese 
Mercury 
Hexachlorocyclohexane (alpha) 
Hexachlorocyclohexane (beta) 
Heptachlor 
Heptachlor Epoxide 
Aldrin 
Dieldrin 
DDT 
Chlordane (alpha, gamma) 
Toxaphene 
VOCI t Semi-VOCs 
Chloroform 
1,1,1 -Trichlomethane 
Carbon Tetrachloride 
Benzene 
Toluene 
Dichloromethane 
Xylenes 
MEK 
1,2-Dichloroethane 
Bromometbane 
Carbon Disulfide 
1 , l -  Dichloroethene 
1,l -Dichloroethane 
Vinyl Acetate 
1,3-Dichloropropene 
1,1,2-Trichloroethane 
Bromoform 
Tetracbloroethene 
Chlorobenzene 
Ethylbenzene 
Styrene 
Vinyl Chloride 
1,2-Dichloroethane 
1,2-Dichloropropane 
1,1,2,2-Tetrachloroethane 
2-Cbloroethyl Ether 
1,4-Dichlorobenzene 
1,2-Dichlorobenzene 
Nitrobenzene 
Hexachloroethane 
12.4 -Trichlorobenzene 
Hexachlorobutadiene 
Hexachlorocyclopentadiene 
2.4,6-Trichloroubenol 

e 
1.27E +05 
1.37E +05 
1.43E+05 
8.59E+O4 
8.38E+O4 
4.41E+10 
1.19E+09 
6.14E +07 
7.01E+07 
1.lSE +06 
5.29E+06 

6.15E+O4 

3.66E+05 
5.04E+05 

7.50E+05 

Ilslr: 

4.88E +05 
1.71E+06 
6.83E +05 
3.38E +05 
1.81E+05 
1.92E+O6 
9.04E+06 
2.36E+06 
2.79E +06 

5!& 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
N/A 
NIA 

!!dg 

2.20E +07 

1.25E+05 
1.25E +OS 
2SOE+06 
1.89E +06 

!!&k 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
N/A 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
N/A 
NIA 

Hexachlorobenzene NIA NIA 
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1 
EPA Threshold Levels L.E.C.R HI 

Threshold Cone. Threshold Cone. 

Radionuclides 
Uranium 233 & 234 
Uranium 235 
Uranium 238 
Americium 241 
Plutonium 239 & 240 
Tritium (gas)" 
Strontium 89 
Strontium 90 
Cesium 137 
Radium 226 
Radium 228 
Non-Radionuclides 
Arsenic 
Barium 
Beryllium 
Cadmium 
Chromium 111 
Chromium VI 
Manganese 
Mercury 
Hexachlorocyclohexane (alpha) 
Hexachlorocyclohexane (beta) 
Heptachlor 
Heptachlor Epoxide 
Aldrin 
Dieldrin 
DDT 
Chlordane (alpha, gamma) 
Toxaphene 
VOCt & Semi-VOCs 
Chloroform 
1,1,1 -Trichloroethane 
Carbon Tetrachloride 
Benzene 
Toluene 
Dichloromethane 
Xylenes 
MEK 
1,2-Dichloroethane 
Bromomethane 
Carbon Disulfide 
1,l -Dichloroethene 
1,l -Dichloroethane 
Vinyl Acetate 
If- Dichloropropene 
1,1,2-Trichloroethane 
Bromoform 
Tetrachloroethene 
Chlorobenzene 
Ethylbenzene 
Styrene 
Vinyl Chloride 
1,2-Dichloroethane 
1,2-Dichloropropane 
1,1,2,2-Tetrachloroethane 
2-Chloroethyl Ether 
1.4-Dichlorobenzene 
1,2- Dichlorobenzene 
Nitrobenzene 
Hexachloroethane 
1,2,4-Trichlorobenzene 
Hexachlorobutadiene 
Hexachlorocyclopentadiene 
24.6-Trichloroohewl 

E?Gk 
5.90E +00 
6.38E +00 
6.64E+00 
3.99E+OO 
3.89E +00 
2.04E +06 
5.50E+04 
2.85E+03 
3.25E+03 
5.31E+01 
2.45E+02 

1.15E+01 

6.82E +01 
9.39E +01 

1.40E+02 

&z 

9.09E+01 
3.18E+02 
1.27E+02 
6.30E+01 
3.37E +01 
3.58E+02 
1.68E +03 
4.41E +02 
5.21E +02 

!!?& 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
N/A 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

4.09E+03 

2.33E +01 
2.33E+01 
4.66E +02 
3.52E+02 

&z 
NIA ' 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
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MAJOR EXCAVATION B Y  FRONT SCHOVEL EXCAVATOR (BATCH DROP) - ZONE C 
EPA Thrahold Levela L.E.C.R HI 

'Threshold Conc. Threshold Conc. 

Radionuclida 
Uranium 233 & 234 
Uranium 23.5 
Uranium 2 3  
Americium 241 
Plutonium 239 & 240 
Tritium (gas)" 
Strontium 89 
Strontium 90 
Cesium 137 
Radium 226 
Radium 228 
Non -RadionacIida 
Anenic 
Barium 
Beryllium 
Cadmium 
Chromium 111 
Chromium VI 
Manganese 
Mercury 
Hexachlorocyclohexane (alpha) 
Hexachlorocyclohexane (beta) 
Heptachlor 
Heptachlor Epoxide 
Aldrin 
Dieldrin 
DDT 
Chlordane (alpha, gamma) 
Toxaphene 
VOCa & Semi-VOCs 
Chloroform 
1,1,1 -Trichloroethane 
Carbon Tetrachloride 
Benzene 
Toluene 
Dichloromethane 
Xylenes 
MEK 
1,2-Dichloroethane 
Bromomethane 
Carbon Dsulfide 
1,l- Dichloroethene 
1,l -Dichloroethane 
Vinyl Acetate 
13-  Dichloropropene 
1,1,2-Trichloroethane 
Bromoform 
Tetrachloroethene 
Chlorobenzene 
Ethylbenzene 
Styrene 
Vinyl Chloride 
1,2-Dichloroethane 
1,t-Dichloropropane 
1,1,2,2-Tetrachloroethane 
2-Chloroethyl Ether 
1,4-DichIorobenzene 
1,2-Dichlorobenzene 
Nitrobenzene 
Hexachloroethane 
1,2,4-Trichlorobenzne 
Hexachlorobutadiene 
Hexachlorocyclopentadiene 
2,4,6-Trichlorophenol 

w 
NIA 
NIA 
NIA 
NIA 
NIA 
N/A 
NIA 
NIA 
NIA 
NIA 
!&!g 

4.59E+03 

2.73E+04 
3.76E+04 

S.S9E+04 

3.64E+04 
1.27E+05 
S.lOE+04 
2.52E+04 
1.3SE+04 
1.43E +OS 
6.7SE +OS 

2.08E+OS 

1.53E+00 

9.52E -01 
4.13E+00 

6.19E +01 

1.76E +OS 

!&!g 

1.36E+00 

1.03E-01 

9.szE-01 
217E+00 
3.17E+01 
6.88E+01 

6.19E+01 
4.27E+00 
1.36E+00 
9.52E-01 
6.19E -01 
1.13E-01 

8.84E+00 

1.59E+00 

1.13E+01 

YkLk 

1.64E+06 

9.34E + 03 
9.34E +03 
1.87E +OS 
1.41E+05 

2.692 +03 

5.31E+02 
7.%E+02 
7.%E+01 
7.%E+02 

1.77E +01 
2.6SE+00 

8.84E+02 
5.31E+01 
5.31E+00 

4.42E+Ol 
2.65E+02 

1.77E +02 
3.54E +02 
5.31E+00 

2.6SE+01 

1.77E-01 

Hexachlorobenzene 7.74E-02 



ATTACHMENT A3.6 
OPERABLE ‘UNIT 3 CALCULAmONS 
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(OLE DRILLING - OU3 
SPA Threshold Lcveh L.E.C.R HI 

Threshold Coac. Threshold Conc. 

Zadionuclidu 
Jranium 233 & 234 
Jranium 235 
Jranium 238 
imericium 211 
'lutonium 239 & 240 
rritium (gas)** 
itrontium 89 
itrootium 90 
:esium 137 
Zadium 226 
Zadium 228 
Yon - Radiomuclides 
irsenic 
3arium 
3eryllium 
zadmium 
3hromium 111 
3hromium VI 
Manganese 
Mercury 
4exachlorocyclohexane (alpha) 
LIexacblorocyclohexane (beta) 
4eptachlor 
4eptachlor Epoxide 
4ldrin 
Dieldrin 
DDT 
Mordane (alpha, gamma) 
roxaphene 
V O C I  & Semi-VOCs 
Bbloroform 
1,l.l -Trichloroethane 
Barbon Tetrachloride 
Benzene 
roluene 
Dichloromethane 
Xylenes 
MEK 
1,2- Dichloroethane 
Bromomethane 
Carbon Disulfide 
1,l  -Dichloroethene 
1 , l  -Dichloroethane 
Vinyl Acetate 
13 - Dichloropropene 
l,l,Z-TrichIoroethane 
Bromoform 
Tetrachloroethene 
Chlorobenzene 
Ethylbenzene 
Styrene 
Vinyl Chloride 
1,2-Dichloroethane 
12-  Dichloropropane 
1,1,2,2-Tetrachloroethane 
2-Chloroethyl Ether 
1,4- Dichlorobenzene 
1,2-Dichlorobenzene 
Nitrobenzene 
Hexachloroethane 
1,2,4-Trichlorobenzene 
Hexachlorobutadiene 
Hexachlorocyclopentadiene 

w 
1.28E+03 
1.39E+03 
1.45E +03 
8.67E+02 
8.46E+02 
4.45E+08 
1.20E+07 
6.19E+05 
7.08E +OS 
1.16E+04 
5.34E+04 

1.24E +03 

7.398+03 
1.02E +04 

1.51E+04 

lrdh 

9.85E+03 
3.45E+04 
1.38E+04 
6.82E+03 
3.65E+03 
3.88E+04 
1.82E + 05 
4.77E+04 
5.64E+04 

4.52E+02 
!&!6 

2.81E+02 
1.22E +03 

1.83E +04 

4.02E +02 

3.05E+01 

2.81E+02 
6.42E+02 
9.38E+03 
2.03E + 04 

1.83E+04 
1.26E+03 
4.02E+02 
2.81E+02 
1.83E +02 
3.33E +01 

2.61E+03 

4.69E+02 

lrdh 
4.43E+OS 

2.53E+03 
2.53E+03 
5.05E+04 
3.81E+04 

lrdh 
7.84E+05 

1.57E +05 
2.35E+05 
2.35E +04 
2.35E+05 

5.23E+03 
7.84E+02 

2.61E +05 
1.57E +04 
1.57E+03 

1.31E+04 
1.84E+04 

5.23E+04 
1.05E +05 
1.57E +03 

7.84E+03 

S.WE+Ol 
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1 
EPA Threahold Level. L.E.C.R HI 

Tbreahold Conc. Tbreahold Conc. 

Radionnclidea 
Uranium 233 & 234 
Uranium 235 
Uranium 238 
Americium 241 
Plutonium 239 & 240 
rritium (gas)** 
Strontium 89 
Strontium 90 
Cesium 137 
Radium 226 
Radium 228 
Non-Radionuclides 
Arsenic 
Barium 
Beryllium 
Cadmium 
Chromium 111 
Chromium VI 
Manganese 
Mercury 
Hexachlorocyclohexane (alpha) 
Hexachlorocyclohexane (beta) 
Heptachlor 
Heptachlor Epoxide 
Aldrin 
Dieldrin 
DDT 
Chlordane (alpha, gamma) 
Toxaphene 
VOCI & Semi-VOCa 
Chloroform 
lJ,l -Trichloroethane 
Carbon Tetrachloride 
Benzene 
Toluene 
Dichloromethane 
Xylenes 
MEK 
1,2- Dichloroethane 
Bromomethane 
Carbon Disulfide 
1,l  -Dichloroethene 
1,l -Dichloroethane 
Vinyl Acetate 
13 - Dichloropropene 
1,1,2-Trichloroethane 
Bromoform 
Tetrachtoroethene 
Chlorobenzene 
Ethylbenzene 
Styrene 
Vinyl Chloride 
1,2-Dichloroethane 
12-  Dichloropropane 
1,1,2,2-Tetrachloroethane 
2-Chloroethyl Ether 
1,4- Dichlorobenzene 
1,2- Dichlorobenzene 
Nitrobenzene 
Hexachloroethane 
1,2,4-Trichlorobenzene 
Hexachlorobutadiene 
Hexachlorocyclopentadiene 
2,4,6 -Trichlorophenol 

3.39E +01 
3.66E+01 
3.81E+01 
2.29E +01 
223E+01 
1.17E+07 
3.15E905 
1.63E +04 
1.87E+04 
3.05E+02 
1.41E+03 

3.27E +01 

1.95E +02 
268Ei02  

3.99E+02 

E& 

2.60E+02 
9.09E+02 
3.64E+02 
1.80E +02 
9.63E+01 
1.02E +03 
4.8lE +03 
1.26E+03 
1.49E+03 

E& 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

E& 
1.17E+04 

6.66E+01 
6.66E+01 
1.33E + 03 
1.01E+03 

lrdb 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

Hexachlorobenzene NIA NIA 
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4 
EPA Threshold Levels L.E.C.R HI 

Threshold Coac. Threshold Coac. 

Radionuclides 
Uranium 233 & 234 
Uranium 235 
Uranium 238 
Americium 241 
Plutonium 239 & 240 
Tritium (gas)" 
Strontium 89 
Strontium 90 
Cesium 137 
Radium 226 
Radium 228 
Nom-Radionuclides 
Arsenic 
Barium 
Beryllium 
Cadmium 
Chromium 111 
Chromium VI 
Manganese 
Mercury 
Hexachlorocyclohexane (alpha) 
Hexachlorocyclohexane (beta) 
Heptachlor 
Heptachlor Epoxide 
Aldrin 
Dieldrin 
DDT 
Chlordane (alpha, gamma) 
Toxaphene 
VOCs & Semi-VOCI 
Chloroform 
1,1,1 -Trichloroethane 
Carbon Tetrachloride 
Benzene 
Toluene 
Dichloromethane 
Xylenes 
MEK 
1,2-Dichloroethane 
Bromomethane 
Carbon Disulfide 
1,l -Dichloroethene 
1,l  -Dichloroethane 
Vinyl Acetate 
1,3- Dichloropropene 
1,1,2-Trichloroethane 
Bromoform 
Tetrachloroethene 
Chlorobenzene 
Ethylbenzene 
Styrene 
Vinyl Chloride 
1,2-Dichloroethane 
1,2-Dichtoropropane 
1,1,2,2-Tetrachloroethane 
2-Chloroethyl Ether 
1,4-Dichlorobenzene 
12-  Dichlorobenzene 
Nitrobenzene 
Hexachloroethane 
1,2,4-Trichlorobenzene 
Hexach lor0 butadiene 
Hexachlorocyclopentadiene 
2,4,6-Tricbloro~henol 

Is.!& 
2.IE+OO 
3.1 1 E+OO 
3.248+00 
1.95E+OO 
1.90E+OO 
9.988 +05 
2.688+04 
1.398+03 
1.598+03 
2601E+01 
1.2013+02 

27913+00 

1.66I3+01 
228E:+01 

3.40€+01 

YKk 

2.21E8+Ol 
7.748+01 
3.09E+01 
1.53E+01 
8.19E+00 
8.70E +01 
4.10E+02 
1.07E +02 
1.27E t02  

!!& 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NtA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

E& 

9.95E+02 

5.67E+OO 
5.67E+00 
1.13E+02 
8.55E+01 

YKk 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

Hexachtorobenkte NIA N/A 



APPENDIX 3 

DISPERSION CALCULATION 



A.3.1 INTRODUCTION 

In order to determine the intake concentration of PCs at the RFP site fenceline 

(receptor location), the Pasquill-Gifford model was used for contaminant dispersion from 

the source (Lee’s 1980). These Gaussian dispersion functions are the basis of most air 

dispersion models used in environmental work. As applied, the Pasquill-Gifford equation 

is conservative and tends to overestimate exposure concentrations. The RFP air data was 

used as the best available. As discussed in Appendix 2, dust emission rates were 

determined at the source of site activities based on the predictions of various fugitive dust 

emission models (VOCs were assumed to be completely volatilized during activities 

which disturbed VOC-contaminated soil). The application of the Pasquill-Gifford model 

to these source emission rates is discussed in the following sections. 

A.3.2 DISPERSION CALCULATIONS 

The Pasquill-Gifford model is expressed as follows: 

Concentration(g/m3 of air) = Q 
n- ay a, u 

Q = 
?F = 3.14 
OY = Horizontal dispersion coefficient, (m) 
0, = Vertical dispersion coefficient, (m) 
U = Average wind speed, m/s 

Emission rate of PC at source, (g/s or pCi/s) 

The emission rate of a PC at the source, Q, can be determined based on three 

parameters: 
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1. Concentration of a particular PC in the soil being disturbed by an activity 

2. Fugitive dust emission factor for the activity (or complete volatilization for 
VOCS) 

3. Duration of the activity 

An example calculation of Q is as follows: 

Assume: 

PC exists at 1 ppm in soil being disturbed 

Dust model predicts an emission of 0.5 kg soil/l Mg soil disturbed 

Activity duration of 10 hours (36,000s) 

Total soil disturbed over duration of activity is 10 Mg 

Therefore: 

- 1.4E-7 g PC emitted 0.5 kg soil emitted 10 Mg soil disturbed lg PC - 
= 1 Mg Soil Disturbed 36,000s 1,000 kg soil emitted S 

a,, and a, are provided by Turner (Lees, 1980) as a function of distance between the 

source of contamination and the receptor (see Attachment A.3.1). In modeling 

dispersions from activities at RFP, four distances were derived based on the expected 

areas of activity (Zones A, B, and C and Operable Unit 3). These distances were made 

conservative by assuming the center of activity for each of the zones is located at the 

zone’s boundary nearest to the off-site receptor where it intersects the wind vector 

leading to the receptor. The wind vector along which dispersion modeling was 

performed represents the most common wind direction at the RFP. The distance to the 

receptor for Operable Unit 3 activities is assumed to be one-half mile (0.8 km) based on 

a source of activity (well drilling and vehicle traffic) located just east of Indiana Street 
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and a receptor in the vicinity of Standley Reservoir. Table A.3-1 summarizes the 

distances assumed and their corresponding ay and uz values. 

Zone A 

Zone B 

Zone C 

Operable Unit 3 

TABLE A.3-1 

1.6 110 43 

2.9 182 64 

4.4 270 82 

0.8 55 26 

The mean wind speed, U, was estimated as follows using available wind rose data 

for RFP for 1990 (see Attachment A.3.2 - Wind Rose for RFP-1990). Note that the 

wind speed data was presented in knots, and that stability Class D was assumed. 

UAVG = 0.066(1.5)+0.266(4.5)+0.319(8.0)+0.219(13)+0.070(18.5)+0.059(21) = 9.2 knots(4.7 mls) 

A.3.3 SUMMARY 

PC concentrations at the receptor were determined by applying the aforementioned 

Pasquill-Gifford model to the emission rates (Q of the PCs at the various sources. The 

model was applied separately to the source emission rates for radionuclides, non- 

radionuclides, and VOCs. Actual application of this model is detailed for Zones A, B, 
and C and Operable Unit 3 in Attachments A.3.3, A.3.4, A.3.5, and A.3.6, respectively. 

These attachments are spreadsheets developed to calculate dust emission factors, dose 

intakes, risks and soil threshold levels for each of the identified activities. 
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The soil threshold levels calculated for individual activities were lowered by-a factor 

of 10 in order to account for multiple activities occurring at any given time. These 

lowered soil threshold values are presented in the attachments. 

The following provides a detailed example of the calculations presented in the 

spreadsheets. 

Hole Drilling - Zone A 

CALCIJLATION OF EMISSION RATES 

As (discussed in Appendix 2, Section A.2.2, drilling results in a total dust emission 

of approximately 0.25 kg per hole (well) over a 3 period of 10 hours. This emission is 

noted in the first block of the spreadsheets for Hole Drilling - Zone A (EHE (kg/hole) 

= 0.25:). 

The emissions of contaminants are directly related to the emission of dust during the 

hole drilling activity. These contaminants are presented separately as non-radionuclides 

(includes metals and non-volatile compounds), radionuclides, and VOCs. For simplicity 

in determining soil threshold levels for contaminants, it is assumed that the initial 

concentrations of the non-radionuclides, radionuclides, and VOCs in soil are 1 pglg, 1 

pCi/g, and 1 pg/g, respectively. Actual contaminant emission rates for hole drilling are 

shown below. Note that "soil" refers to dust emission from activity. 

Non-Radionuclides Emission Rate 

l h  x- = 6.94X104 gls a1.25kg soil 1 well 1OOOg soil lpg non-rad l g  non-rad - X- 
1 well 10h lkg soil l g  soil 1 x 106pg non-rad 3600s 
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Radiowuclides Emission Rate 

lh x - = 6.94 x pCi/s 0.25kg soil 1 well lOOOg soil lpCi rad x-x 
1 well 1 Oh Ikg soil lg soil 3600s 

VOCs IEmbion Rate 

VOCs are treated differently from the particulate contaminant forms. They are 

assumed to be distributed homogeneously through the well boring, and conservatively, 

the VOCs in the displaced soil are assumed to be completely volatilized and emitted from 

the soil during well drilling. The total emission of VOCs, therefore, was determined 

based on the total mass of displaced soil and the initial VOC concentration in the soil. 

The total mass of the displaced soil is a product of the well boring volume and the soil 

density. 

9m(deptli)xO.25~~(10.2[diarneter]~ 1 well 1 5  M g  1 X 106g lpg VOC lh - lg ‘OC x - x 2 x - x - x X - = 1.18X10~’g/s 
1 well 1 Oh m3 1 M g  1g 1x106pg VOC 3 6 m  

W J L A T I O N  OF FENCELINE CONCENTRATIONS 

The three calculated emission rates (non-radionuclides, radionuclides, and VOCs) 

serve ai input for calculations of fenceline contaminant concentrations using the Pasquill- 

Gifford model for dust dispersion. For Hole Drilling - Zone A, the input parameters cTy 

and a, ;are 110m and 43m, respectively (see prior discussion in Appendix 3). The wind 

speed was assumed to be 4.7 m/s (10.5 mph). Using the Pasquill-Gifford model, the 

fenceline contaminant concentrations were then calculated as: 
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6.94 x lo9 g/s X 1000mg/g 
?r x llOm X 43m x 4.7 m/s 

Fenceline Concentration(mg/m3) = 

Radionuclides 

6 . 9 4  x l b  pCi/s 
?r x llOm X 43m x 4.7 m/s 

Fenceline Concentration(mg/m3) = 

= 9.95 x lo-* pCi/m3 

vocs 

1.18 x I d  g/s x 1000 mg/g 
?r x llOm X 43m x 4.7  m/s 

Fenceline Concentration(mg/m3) = 

= 1.69 X lo-' mg/m3 

CALCULATION OF DOSE AND RISK ESTIMATES 

The calculated fenceline concentrations were then used to determine the carcinogenic 

and non-carcinogenic dose and risk estimates for the identified contaminants (spreadsheet 

2 of Hole Drilling - Zone A). Constants used in determining the dose and risk estimates 

include: 

Intake Rate . . . . . . . . . . . . . . . . . .  1.2m3/hr (air) 
Intake Duration . . . . . . . . . . . . . . . .  10 h/d 
Exposure Period . . . . . . . . . . . . . . .  1825 d (5y) 
Fractional Leeward 

Carcinogen Averaging 

Non-Carcinogen Averaging 

Wind Factor . . . . . . . . . . . . .  0.4 

. . . . . . . . . . . . . . . . . .  Time 70 Y 

Time 5Y . . . . . . . . . . . . . . . . . .  
Receptor Body Weight . . . . . . . . . . .  70 kg 
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The fractional leeward wind factor of 0.4 implies that the winds at Rocky Flats blow 

in the direction of the nearest off-site receptor approximately 40% of the time. Actual 

dose and risk estimates were determined as follows: 

Radionuclides 

Intake per Exposure Period (pCi) = 9.95 X 

= 8.71 X lo4 pCi 

pCi/m3 x x 1.2 m3/h X 1825 d x 0.4 

The associated lifetime exposure cancer risk (LECR) for each of the listed 

radionuclides was determined through application of slope factors for specific 

radionuclides. Note that the slope factors are listed in Table A.4-2 of Appendix 4. 

LECR for Uranium 233 & 234 = 

- - 
8.71 X 10"' pCi x 2.70 X 10-8 pC? 

2.35 X 10" (rounded to 2 X 10'" 

. 

LECR for Plutoinum 238 & 240 = 

- - 
8.41 x 10"' pCi X 4.1 X 108fli-l 

3.57 x 10" (rounded to 4 x 10") 

Non-Radionuclides 

Intake per Exposure Period (mg) = 

- - 8.71 x 1O-"mg 

9.95 x 10-"mg/m3 X 1.2 m3/h X lOh/d X 1825d x 0.4 

Carcinogenic non-radionuclide dose rates were determined based on a 70-year averaging time. Non- 
carcinogenic non-radionuclide dose rates were determined based on a 5-year averaging time. 
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8.71 x lo-' mg 
70kg X 70y X 365 dly 

Carcinogenic Dose Rate (mgkgld) = 

= 4.87 X mg/kg/d 

8.71 X lo-' mg 
70kg x 5y X 365 d/y 

Non-Carcinogenic Dose Rate (mg/kg/d) = 

= 6.82 X mg/kg/d 

The associated LECRs for the listed carcinogenic non-radionuclides were determined through 

application of  slope factors for specific non-radionuclides. Hazard quotients for non-carchogenic non- 

radionuclides were determined through application of their specific inhalation reference concentrations. 

LECR for Arsenic - - 
- - 

4.87 x 1013 mg/kg/d X 5.00 x lo1 (mg/kg/d)" 

2.43 X 10" (rounded to 2 X 10" 

LECR for Dieldrin - - 
- - 

4.87 x 10"mg/kg/d X 1.60 (mgkgldy' 

7.79 x loi3 (rounded to 8 x 

6.82 x lo-'* mg/kg/d 
1 x loV3 mg/kg/d 

Hazard Quotient for Barium = 

= 6.82 x (rounded to 7 X 10-7 

6.82 x mgkgld 
1.14 x lo4 mg/kg/d 

Hazard Quotient for Manganese = 

= 5.98 x (rounded to 6 X 10-8) 
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vocs 

The intake rates, LECRs, and hazard quotients for VOCs were determined using the 

same methodologies as described for non-radionuclides. 

CALCULATION OF SOIL THRESHOLD CONCENTRATIONS 

In order to calculate soil threshold concentrations for the identified contaminants, the 

LECRs and hazard quotients calculated based on assumed initial contaminant 

concentrations were compared with the target threshold risk and hazard index (1.0 x l0"Z 
and 0.1, respectively). Threshold concentrations were then calculated as follows: 

Radionuclides 

As shown in the Hole Drilling - Zone A spreadsheets, an initial plutonium 

concentration of 1 pCi/g gives a LECR of 4 x lo-"' for a receptor at the fenceline. In 

order to reach the target risk of 1 x lo6, the plutonium "threshold" concentration in soil 

for this activity must be: 

1 pCi plutoniudgram of soil - - threshold concentration 
1 X 10-6 3.57 x lo-"' 

This yields a threshold concentration of: 

2.80 x 10'pCi plutonium/gram of soil. 

Number listed on spreadsheet is rounded to 4 x 10". The actual number used within the spreadsheet 
program is 3.57 x lo-". 
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In order to account for multiple activities, this threshold concentration is lowered by 

a factor of 10 to give: 2.80 x 103 pCi plutonium/gram of soil. 

Non-Radionuclides 

The soil threshold concentrations for carcinogenic non-radionuclides were calculated 

using the same methodology as outlined for radionuclides. For non-carcinogenic non- 

radionuclides, in order to reach the target hazard index of 0.1 the contaminant in soil 

"threshold" concentration must be (Barrum used as an example): 

1 m barium/gram of soil - threshold concentration 
6.82 -X * 0. a 

This yields a threshold concentration o t  
1.47 x 107fig bariumlgram of soil 

As with the radionuclides, this threshold concentration is lowered by a factor of 10 

to give: 1.47 x lo7 ,ug barium/gram of soil. 

vocs 

The soil threshold concentrations for carcinogenic and non-carcinogenic VOCs were 

calculated using the same methodology as outlined for radionuclides and non- 

radionuclides. 

** Number listed on spreadsheet is rounded to 7 x lQ9. The actual number used within the spreadhseet is 

6.82 x 10'. 

A-3- 10 



A.3.4 REFERENCES 

Lees, Frank P., 1980. Loss Prevention in the Process Industries, Hazard Identification, 
Assessment and Control, Butterworth Co. (Publishers) Ltd., 1980, pp. 431-451 

A-3- 1 1 



I 
I 
I 
I 
I 
I 
c 
I 
I 
I 
I 
I 
I 
s 
1 
1 
I 
I 
1 

APPENDIX 4 

RISK CALCULATIONS 



A.4.1 INTRODUCTION 

No RfDs or slope factors are available for the dermal route of exposure. In some 

cases noncarcinogenic or carcinogenic risks associated with dermal exposure can be 

evaluated using an oral RfD or oral slope factor. It is inappropriate to use the oral slope 

factor to evaluate the risks associated with dermal exposure to carcinogens such as 

benz(a)pyrene which cause skin cancer through a direct action at the point of application. 

The calculation of potential risks to human health involves combining the results 

of the toxicity and exposure assessments. This provides numerical quantification relative 

to the existence and magnitude of potential public health concerns related to 

contamination generated by selected site remedial activities. These numerical estimates 

are comparisons of exposure levels with appropriate toxicity criteria (reference 

concentrations or doses) or estimates of the lifetime cancer risks associated with a 

particular intake. Risk characterization also considers the nature and weight of evidence 

supporting these risk estimates. Potential risks for human health were calculated based 

on four "source to receptor" distances for the activities discussed in Appendix 2. The 

sections that follow describe the calculation of contaminant intakes, their respective 

health impacts, and the methodology employed to accommodate contribution from 

multiple contaminants and sites. 

A.4.2 CALCULATION OF CONTAMINANT INTAKES 

The calculation of contaminant intakes consists of estimating the magnitude, 

frequency, duration, and route of exposure of contaminants to humans. The magnitude 

of exposure is typically determined by measuring or estimating the amount of a chemical 

available at "exchange boundaries" (e.g., the lungs, skin, and gastrointestinal tract) 

during some specified time. Contact with the chemical may lead to absorption, 

absorption factors may need to be applied for each medium of exposure; inhalation 
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dermal and ingestion. The magnitude of total absorption is a critical variable for the 

calculation of health risks. 

Parameter Value Units 

Environmental fate and transport modeling was used to estimate chemical 

concentrations in air at the point of contact with each receptor (see Appendix 3). 

Contaminant exposure is expressed in terms of intake and defined as the amount of a 

substance taken into the body per unit body weight per unit time. All non-radiological 

intakes are expressed in units of milligram of contaminant per kilogram of body weight 

per day (mg/kg/day). Radiological intake and exposure is expressed in total picocuries 

@Ci) inhaled. The receptor parameters used to evaluate the intake of contaminants are 

shown in Table A.4-1. These values are representative of an adult receptor located at 

the boundary of the Rocky Flats Plant. An example of how these parameters are 

incorporated in the derivation of soil threshold levels is given in Appendix 5. 

Reference 

TABLE A.4-1 
RECEPTOR PARAMETERS USED TO CALCULATE 

CONTAMINANT INTAKES 

Breathing Rate 

Intake Duration 

Exposure Period 

Fractional Leeward Wind 
Factor 

Averaging Time for 
Noncarcinogenic Chemicals 

Averaging Time for 
Carcinogenic Chemicals 

1.2 m 3 h  EPA, 1989 

10 hrlday Maximum daily duration of 
remedial activities 

1825 days Total number of days in which 
exposures occur 

0.4 unitless Rocky Flats Environmental 
Report for 1989. EG&G 

5 years Assumed calendar period of 
exposure based on current 
scenarios 

70 Yearn EPA, 1989 
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A.4.3 RECEPTOR IMPACTS 

Health risks from inhalation exposure are calculated by combining the chemical 

intake information with numerical indicators of toxicity. Toxicity assessment is the 

process of characterizing the relationship between the dose or intake of a substance and 

the potential for an adverse effect in the exposed population. Toxicity evaluation is 

divided into two general classes for purposes of establishing quantitative indicators of 

toxicity: noncarcinogens and potential carcinogens. 

A.4.3.1 Carcinogenic Impacts 

Carcinogenic impacts were calculated for each of the principal contaminants 

identified in Appendix 1, using the unit concentrations of PCs at 1:he receptor computed 

in Appendix 3, the intake parameters shown in Table A.4-1 and the cancer potency slope 

factors shown in Table A.4-2. 

Numerical estimates of cancer potency of hazardous chemicals are presented as 

slope factors (SFs). Under the assumption of dose-response linearity at low doses, the 

SF defines the cancer risk (excess chance of causing cancer over a lifetime) due to 

continuous lifetime exposure to one unit of carcinogen (in units o F risk per mg/kg/day). 

Likewise the radiological SF defines cancer risk per unit intake of ii  radionuclide (in units 

of risk per pCi). Calculation of cancer risk provides an upper-bound estimate of health 

effects. Individual cancer risk has been calculated as the product of exposure to a 

chemical (in mg/kg/day) or radionuclide (in pCi) and the SF :For that substance (in 

(mg/kg/day)-* or (pCi)-l). Separate estimates of cancer risk are calculated for each of the 

PCs. Each of these cancer risks are related to the contaminant emissions from a unit 

concentration of that contaminant in soil during a specific and discrete site activity. 
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A.4.3.2 Noncarcinogenic Impacts 

Non-carcinogenic impacts were calculated using the unit concentrations of PCs 

at the receptor computed in Appendix 3, the intake parameters shown in Table A.4-1, 

and the reference doses shown on Table A.4-2. Numerical estimates of noncarcinogenic 
~ toxicity are presented as reference doses (RfD). The RfD is based on the assumption that 

thresholds exist for certain noncancerous toxic effects (such as cellular necrosis), but may 

not exist for other health effects such as cancer. In general, the RfD is an estimate (with 

uncertainty spanning perhaps an order of magnitude) of a daily exposure to the human 

population (including sensitive subgroups) that is likely to be without an appreciable risk 

of deleterious effects during a lifetime of exposure. 

The calculated intake is divided by the RfD to yield the hazard index (HI). If the 

estimated daily intake for any single chemical is greater than the RfD, the HI will exceed 

unity indicating the potential for health effects. Separate hazard indices are derived for 

each of the chemicals of concern. Each of these hazard indices are related to the 

contaminant emissions from a unit concentration of a contaminant in soil during a 

specific and discrete site activity. 

A.4.4 MULTIPLE CONTAMI"T/SITE APPROACH 

In calculating soil threshold concentrations based on inhalation risk, a consistent 

approach has been adopted to accommodate the potential for risk contribution from 

multiple contaminants and/or multiple sites. The goal is to calculate soil threshold 

concentrations which can be implemented without regard to the number of contaminants 

involved or cognizance of concurrent activities at other operable units. In order to 

achieve this goal, a level of conservatism has been introduced to the process. 

For non-carcinogenic contaminants, individual soil threshold values are calculated 

to yield a hazard index of 0.1 As stated in the National Contingency Plan (40 CFR Part 
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Table A.4 -2 
Sop Factors and Reference Doses for Principal Contaminants 

'rincipal Con1.rinantr (PCr) L.E.C.R HI 
Sop Factors 

Jranium 233 & 234 
Jranium 235 
Jranium 238 
4meriaum 241 
Iutoaium 239 Bt 240 

itroatium 89 
boatiurn 90 
:eium 137 
iadium 226 
iadium 228 

h n i c  
h ium 
Bayllium 
hdmium 
Xromium I11 
Zhromium VI 
Nanynese 
Macury 
Hexachlorocyclohexane (alpha) 
Heuchlorocyclohexane (bet.) 
Heptachlor 
Hep.chlor Epoxide 
Udrin 
Dieldrin 
DDT 
2hkrdane (alpha, gamma) 
roJuphene 

Zhloroform 
1,l.l -Trichbrocthanc 
Carbon Tebachloride 
Benzene 
rduene 
Dichloromethane 
Xylenes 
MEK 
1,2-Dichloroethane 
Bromomethane 
Carbon Disulfide 
1.1 - Dichloroethene 
1.1 -Dichloroethar 
Vinyl Acetate 
13 - DieLloropro pnc 
1.1.2-Trichloroah.ne 
Bromoform 
Teuachlorocthene 
Chlorobenzene 
Ethylbenzene 
Styrene 
Vinyl Chloride 
1.2- Dichloroethane 
1.2- Dichloropropne 
1,1,2,2-Tetrachloroethrne 
2-Chloroethyl Ether 
1.4 -Dichlorobenzene 
1.2- Dichlorobenzene 
Nitrobenzene 
Heuchloroethrae 
1,2,4-Trichbrobenzene 
Heuchlorobntadiene 
Hcxachlorocyclopentr diene 
2.4d-Trichloro~hend 

rntium 

us-ukl 
2.70E-08 
2.50E - 08 
2.40E-08 
4.00E-08 
4.10E - 08 
7.80E- 14 
2.90E- 12 
5.60E-11 
4.90E-11 
3.00E-09 
6.50E- 10 

5.OOE + 01 
-")A -L 

4.10E+00 

6.30E+00 
1.80E+00 
450E+00 
9.10E+00 
1.70E+ 01 
1.60E+00 
3.40E-01 
130E+00 
l.lOE+00 

8.10E-02 

130E-01 
3.00E - 02 

2.00E-03 

9.10E-02 

1.2OE+00 

1=3OU)E-O1 
5.708-02 
3.903-03 
1.80E-03 

2.00E-03 
290E-02 
9.10E-02 
1.30E-01 
200E-01 
l.lOE+W 

1.40E-02 

7.80E-02 

1.lOE-02 

Inh. R E  
LnuLWu 

LnuLWu 
1 .OOE - 03 

5.70E-06 
5.70E - 06 
1.14E-04 
.8.60E -05 

3.00E+00 

6.00E -01 
9.00E-01 
9.00E-02 
9.00E-01 

2.00E-02 
3.00E-03 

1.00E+00 
6.00E-02 
6.00E-03 

5.00E-02 
3.00E-01 

2.00E-01 
4.00E-01 
6.00E-0! 

3.00E-02 

2.00E-04 

~~ . 
Heuchlorobenaae 1.60E+00 



300), "For systemic toxicants, acceptable exposure levels shall represent concentration 

levels to which the human population, including sensitive subgroups, may be exposed 

without adverse effect during a lifetime or part of a lifetime, incorporating an adequate 

margin of safety." A hazard index of 0.1 is a factor of ten below the level which has 

the potential for adverse toxicological impacts. A factor of ten is believed to be an 

adequate margin of safety. 

For carcinogenic contaminants, individual soil threshold values are calculated to 

yield a carcinogenic risk of 106. As stated in 40 CFR Part 300, "For known or 

suspected carcinogens, acceptable exposure levels are generally concentration levels that 

represent an excess upper bound lifetime cancer risk to an individual of between 10" and 

10" using information on the relationship between dose and response. The 10" risk level 

shall be used as the point of departure for. . . multiple contaminants at a site or multiple 

pathways of exposure. I' 

Two other sources of guidance are potentially relevant for determining a specified 

lifetime excess cancer risk. These are: 

The National Oil and Hazardous Substances Pollution Contingency: Plan Final 

- Rule (FR 8667, March 8, 1990, a.k.a the National Contingency Plan [NCP]) 

guides EPA to consider a range between lo4 and 10" as an acceptable lifetime 

excess cancer risk (LECR) under CERCLA. 

OSWER Directive 9360.1-01, Interim Final Guidance on Removal Action Levels 

at Contaminated Drinking Water Sites (EPA, October 1987) guides EPA to 

consider an LECR of 104 as the benchmark at which the Agency is required to 

provide an alternate water supply. 
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Therefore, calculation of soil threshold concentrations at a hazard index of 0.1 or 

the 10" risk level is adequately health protective to accommodate the potential for risk 

contribution from multiple contaminants and/or multiple sites. 

A.4.5 UNCERTAINTIES AND IMPACTS ON RISK CALCULATIONS 

Besides the possibility of contributions from multiple sites and/or contaminants, 

there are other sources of uncertainty in the risk based derivation of the soil threshold 

levels. These uncertainties have been taken into consideration by maximizing the 

potential impacts, rather than assuming an average impact. 

The sources of emissions (i.e., from excavation, drilling, vehicular traffic) where 

calculated assuming maximum probable parameters. For example, vehicle weight used 

in the formula to estimate emissions from light or heavy traffic is assumed to be at 

maximum loading. However, the vehicle may not always be carrying a full load, thus 

reducing the actual amount of dust emitted (and therefore, the off-site contaminant 

concentrations). 

The activities (and intakes) are assumed to take place 10 hours a day every day 

for five years. It is more likely that the work will occur over a fraction of this period. 

In addition, different activities at each site (such as excavation and vehicular traffic) will 

result in different rates of emission. However, the soil threshold limit will be selected 

based on the activity emitting the most dust. 

The dispersion formula used to estimate the transport of contaminants to the 

receptor is conservative since it does not take into account deposition of particulates from 

the plume or other contaminant removal mechanisms. In addition, the distance to the 

receptor will in most cases be underestimated, resulting in an overestimate of the 

concentration at the receptor location. 

e 
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The potential receptor is assumed to be at the site boundary at all times during 

which the work activities are occurring (every day for five years). The exposure 

scenario does not take into consideration the fact that the receptor may not always remain 

at the same location. The receptor may be indoors, away from home, or may have 

relocated permanently during the five year period. 

All potential carcinogens are treated as known (Group A) human carcinogens, 

whereas many are actually lower rank carcinogens which have been shown to cause 

cancer in animals but not in humans. It is possible that some of these are not human 

carcinogens. Non-carcinogens are assumed to affect the same organs for additivity. 

However, an organ affected by one substance may not be affected by a different 

substance. 

All the above considerations compound the margin of safety inherent in the 

assumptions made in Section A.4.4. Therefore, it is very likely that the risks from the 

activities considered in this PPCD will be significantly lower than the levels that form 

the basis for the soil threshold levels. 
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APPENDIX 5 

CALCULATION OF SOIL THRESHOLD LEVELS 



AS. 1 INTRODUCTION 

Soil threshold levels have been calculated for each of the principal contaminants 

(PCs) that were screened in Appendix 1 and for each of four receptor distances. The 

calculation of soil threshold levels involves a correlation of emission factors and 

atmospheric dispersion with the risk values established in Appendix 4. 

A.5.2 DOSIMETRIC/RISK PERFORMANCE OBJECTIVE 

Calculation of soil threshold levels requires the selection of a risk-based 

performance objective which is acceptable considering potential contributions from 

multiple contaminants and/or multiple sites. As discussed in Appendix 4,  soil threshold 

concentrations have been calculated at a hazard index of 0.1 or the risk level to the 

public. 

A.5.3 CALCULATION OF SOIL THRESHOLD CONCENTRATIONS 

The calculation of soil threshold concentration uses the receptor risk values 

calculated in Appendix 4, normalized to the 0.1 hazard index or risk level. These 

soil threshold levels take into account the different emission rates resulting from the 

various activities considered (drilling, excavation, traffic, etc.). These calculated soil 

threshold concentrations have been lowered by a factor of  10 to account for multiple 

activities occurring at the same time. These threshold levels also take into account the 

dilution in airborne concentrations from the source to the receptor by application of the 

Pasquill-Gifford equation for atmospheric dispersion. This is done by back-calculating 

from the end result (limiting off-site airborne concentrations) to the source of this 

concentration (emission of contaminated soil by mechanical activity). Back-calculation 

is commonly employed in the CERCLA/SARA and RCRA process for establishing 

acceptable concentrations of contaminants in virtually all media. The technique is also 

widely used in other environmental-regulatory programs (NESHAPS, establishing 
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discharge limits under NPDES regulations, etc.). This technique can best be illustrated 

by the following example. 

A.5.4 EXAMPLE OF CALCULATION 

The first step in the calculation of soil threshold levels begins with an assessment 

of the concentration of the contaminant in air that would result in a lifetime excess cancer 

risk (LECR) of lo6 for carcinogens or a Hazard Index of 0.1 for non-carcinogens. Since 

the majority of the principal contaminants are carcinogens, the example will be based on 

beryllium. The major difference between carcinogens and non-carcinogens is that the 

risk, based on an intake period of 5 years, is averaged over 70 years for carcinogens and 

5 years for non-carcinogens. 

From Table A.4-2, the slope factor for beryllium is listed as 8.4 mg/kg/day 

LECR. For a 70 kg individual, this converts to 0.12 mg/day LECR. Therefore, the 

individual cannot inhale more than 8.3 x 10" mg/day'for the LECR not to exceed 10-6. 

The exposure is assumed to occur over 5 years (or 1825 days), but the risk is averaged 

over 70 years resulting in a total inhaled mass of 0.21 mg beryllium. From Table A.4-1, 

the receptor is assumed to inhale 1.2 m3/hr of air during the exposure period (10 hr/day 

for 1825 days), for a total of 22,000 m3. However, the wind is assumed to blow in the 

direction of the receptor 40 percent of the time. Thus, the volume of potentially 

contaminated air inhaled by the receptor is assumed to be 8,800 m3. Therefore, the 

average concentration of beryllium in this air must not exceed 2.4 x lo5 mg/m3. This 

is the number listed in Table A.7-2 for beryllium and does not depend on the location 

or type of activity that results in this release. 

To assess the release rate of beryllium that would result in the above 

concentration at the receptor location, atmospheric dispersion must be taken into account. 

In this example, it is assumed that the activity causing the release occurs in Zone B, 

assumed to be 2.9 km from the receptor location on the site boundary. The lateral and 
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vertical dispersion factors for the Pasquill-Gifford equation, developed by Turner, are 

182 m and 64 m, respectively (Table A.3-1). The average windspeed was estimated to 

be 4.7 m/sec. These factors are multiplied together with the number pi to obtain 1.7 x 

10s m3/sec (see the Pasquill-Gifford equation, Section A.3.2 in Appendix 3). This 

number is then multiplied by the limiting concentration, 2.4 x lo5 mg/m3, to obtain the 

maximum allowable release rate of the contaminant, 4.2 mg/sec (or 4200 pg/sec). 

Assuming that the activity under consideration is drilling, the estimated release 

rate of dust is 0.25 kg per well over 10 hours (see Section A.2.2 in Appendix 2). 

Converting to seconds and grams, this is 0.007 g/sec of dust. 

The beryllium soil threshold level for drilling in Zone B is obtained by dividing 

the limiting contaminant release rate by the estimated dust emission rate. In this 

example, the result is 6 x l@ pglg. This result is then lowered by a factor of 10 (6 x 

104 pg/g) to account for multiple activities as shown in the Zone B Table in Attachment 

A.5.1. 

Similar mathematics are involved in deriving all the other soil threshold levels for 

each contaminant, activity and zone considered. 

A.5.5 TABULATION OF SOIL THRESHOLD LEVELS 

The calculated threshold soil concentration adjusted for Occurrence of multiple 

activities for each of the receptor distances (0.5 km, 1.6 km, 2.9 km and 4.4 km, 

corresponding to Zones A, B, C, and OU-3, respectively) are shown in Attachment 

A.5.1. The tables in this attachment summarize the soil threshold levels calculated based 

on the activities described in Appendix 2. The actual calculations were performed as part 

of the Zones A, B and C and Operable Unit 3 calculations in Appendix 3. For chemicals 

with both carcinogenic and noncarcinogenic quantified threshold calculations, the more 

limiting (lower concentration) will be applied. Threshold values exceeding lo6 pglg 

1 
II 
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indicate that under the assumed site conditions (i.e., nature of activity, soil moisture, 

wind speed, etc.), the benchmark risk to an off-site receptor will never be exceeded. 

This is due to the fact that the concentration of a contaminant is unable to exceed 106 

,ug/g; thus, the soil threshold level will not be reached. 
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A T T A C " T  A.5.1 

SOIL THRESHOLD LEVELS - 
ZONES A, B, C & OU3 

Summary of Calculations in 
Attachments A.3.3 through A.3.6 to Appendix 3 



SOIL THRESHOLD LEVELS - ZONE A m 

NOTE: Threshold values exceeding 1EQ6 uglg indicate that under the assumed site conditions (i.e., nature of activity, soil moisture, wind speed, etc.), 
the acceptable risk to an off-site receptor will never be exceeded Thii is due to the fact that the concentration of a contaminant can never exceed 1Eo6 ug/g 
thus, the soil threshold level will never be reached e 



SOIL THRESHOLD LEVELS - ZONE B 
(1 

COCS 

I 
MAJOR EXCAVATIONS 

VEHICLE VEHICLE MINOR REMOVAL UNLOADING I TRANS. BY FRONT- 
TRAFFIC TRAFFIC EXCAVATIONS BY BY SCRAPER SHOVEL 

PRILLING (LIGHT) (HEAVY) ( TEST PIT) SCRAPER SCRAPER om 

NOTE Thresholdvalues exceeding 1EO6 uglg indicate that under the assumed site conditions (Le., nature of activity, soil moisture, wind speed, etc.), 
the acceptable risk to an off-site receptor Will never be exceeded. This is due to the fact that the concentration of a contaminant can never exceed 1% up/g; 
thus, the soil threshold level will never be reached. I 



SOIL THRESHOLD LEVELS - ZONE C 

NOTE: Threshold values exceeding 1Eo6 udg indicate that under the assumed site conditions (i.e., nature of activity, soil moisture, wind speed, etc.), 
the acceptable risk to an off-site receptor wifl never be exceeded This is due to the fact that the concentration of a contaminant can never exceed 1Eo6 ug'g 
thus, the soil threshold level will never be reached 



SOIL THRESHOLD LEVELS - OPERABLE UNIT 3 1 
I 
8 
I 
I 
I 
I 
E 
8 
I 
1 
I 
1 
t 
e 

NOTE: ThreshoId values exceeding lEO6 udg indicate that under the assumed site conditions (Le., nature of activity, soil moisture, wind speed, etc.), 
the acceptable risk to an off-site receptor will never be exceeded This is due to the fact that the concentration of a contaminant can never exceed E O 6  ug/g 
thus, the soil threshold level will never be reached 



APPENDIX 6 

DISPERSION PREVENTION TECHNIQUES 



AL.6.1 INTRODUCTION 

This appendix discusses the measures that can be used to control the dust and 

vapors which may be produced during remedial investigations in work areas classified 

as Stage 2 at RFP. The measures will be summarized here since they have been 

described in detail in various EPA publications, particularly the Dust Control Handbook 

(EPA 1985). A two step process was used to identify control measures. First, the 

control measures which are commonly used (or logically could be used) for the activities 

involved in a remedial investigation were evaluated by reviewing the literature and 

interviewing RFP personnel. During this process, unproven technologies and control 

technologies incompatible with the operations being performed were eliminated from 

consideration. For example, use of a protective enclosure for a roadway and use of 

vacuum truck to decontaminate topsoil were ruled out. The second step of the process 

was to evaluate or rank the control measures which are technologically feasible for each 

dust or vapor producing activity, e.g., excavation, well drilling, etc. 

The methods of controli were first ranked in terms of effectiveness'and their 

implementability. Each measure was scored on a scale of 0-4, with 4 being the highest, 

for each of the two attributes. Cost considerations were only applied as a tie-breaker. 

This screening process parallels EPA RI/FS guidance (Guidance for Conducting 

Remedial Investigations and Feasibility Studies under CERCLA, EPA 1988, OSWER 

Directive 9355.3-01). The scoring system is shown in Table A.6-1. Quantitative data 

were used as the basis of the rating, when they were available. However, for 

implementability and where quantitative data were not available, a reasonable judgement 

and/or qualitative descriptions from other studies were used. The scores for effectiveness 

and implementability for each control measure were added, with equal weight given to 

each, to determine the preferred method of control. A score of zero in any category 

eliminated the control from consideration for the activity being investigated. 

A-6-2 



SCI 

EFFECTIVENESS 

Highly effective 

Very effective 

Less effective 

Not very effective 

C 

IMPLEMENT ABILITY 

Easily implemented 

Implementable with some 
difficulty 

Implementable with major 
difficulty 

Implementable only with 
extreme difficulty 

TABLE A.6-1 
IRING SYSTEM FOR RATING CONTROL MEASURES 

Ineffective or not suited to 
amlication 

SCORE 

Impossible to implement 
for this application 

4 

3 

2 

1 

0 

A.6.2 GENERAL CONTROL MEASURES 

There are a number of good operational practices which should be implemented 

for dust control at Stage 2 contaminated sites. These principles should be adhered to 

whenever possible and therefore are not considered below as alternatives. The following 

list of practices follow the Construction Dust Suppression Feasibility Study (Engineering- 

Science 1990) with some additions. These operational practices will be implemented to 

the extent practicable on any Stage 2 activity at RFP by the Project Manager. 

e Minimize the number of times contaminated soil is moved or disturbed. 

e Minimize the land surface area which is disturbed or cleared. 

e Proceed expeditiously once work is initiated. 

e Protect the vegetative cover outside the construction area and restore 
vegetation in the area upon completion of construction activities. 

e Minimize vehicle and equipment movement in the construction zone. 
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e Wheeled vehicles are preferred over tracked vehicles for dust 
minimization. 

0 Low profile activities, such as pushing or grading, are preferred over 
batch drop or dumping operations. 

e Contaminated areas will require decontaminate as per the SOP for heavy 
equipment prior to leaving the designated areas. Areas bordering known 
contaminated areas will have additional precautions to minimize need and 
dirt carryout when not required to pass through the decontamination 
process. Contaminated soil will be removed if transferred to prevent 
spreading to clean areas. For example, muddy areas should be regraded 
or graveled. 

e Limit vehicle traffic on unpaved roads. 

0 Speed on unpaved roads should be controlled. 

A.6.3 DUST PRODUCING ACTIVITIES 
DURING REMEDIAL INVESTIGATIONS 

Several dust producing activities are ex@ted to occur at RFP during remedial 

investigation activities. Each intrusive activity will be conducted in accordance with the 

steps outlined in Section 2.1.1.2, Step by Step Process Explanation. Examples of the 

intrusive activities have been provided below: 

A.6.3.1 Major Excavations 

These are large construction projects in which various types of earthmoving 

equipment are used and multiple operations are necessary to accomplish the excavation. 

An example is the french drain installation for the 881 Hillside Phase 11-B Interim 
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Remedial Action Project which will involve the following dust producing activities 

(Engineering-Science 1990) : 

0 The top twelve inches of soil in the french drain trench area will 
be removed as a precautionary measure. This material is 
temporarily stored in low profile piles covered with plastic. 

e The topsoil from the influent collection trench associated with the 
french drain will be removed and placed in a covered pile as 
described above. 

0 The balance (below topsoil) of the french drain trench and the 
influent collection trench will then be dug and only conventional 
dust control measures implemented. 

A.6.3.2 Minor Excavations 

These are typically short-term (1-3 day) projects in which only relatively small 

amounts of dirt are moved in a limited area. The prime example of this type of 

excavation is the test pit. Test pits are prepared by removing the first six inches of soil 

with a backhoe. This soil, which could be contaminated, is then stored in a covered pile. 

A pit 7 feet long, 5 feet wide, and 4 feet deep is then excavated by the backhoe. This 

operation is a material drop with no transportation of contaminated material, and it 

should be completed in one day, resulting in only a few trips by vehicles over potentially 

contaminated areas. 

A.6.3.3 Drilling 

This activity consists of drilling test wells or monitoring wells in potentially 

contaminated areas, using a hollow-stem auger technique. The auger is removed and 

core samples are normally taken at six foot intervals. Once the drilling equipment is in 
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place, only light vehicle traffic will cross contaminated areas. 

cuttings may be placed in drums for disposal. 

Contaminated drill 

A.6.3.4 Unpaved Roadways 

Traffic over potentially contaminated roadways is expected to increase during 

remediation activities . The traffic may be either characterized as heavy or light in 

frequency. Light vehicular traffic is associated with minor excavations. 

A.6.4 DUST CONTROL MEASURES 

The following section discusses various control measures for the dust producing 

activities and indicates how the measures were selected. The measures considered for 

each activity are summarized in Table A.6-2. 

A.6.4.1 Major Excavations (Interim Remedial Actions) 

The dust control methods rated for their effectiveness and implementability for 

major excavations were: area spray with water, area spray with a water-surfactant 

mixture, chemical dust suppressants (including foam), spray curtain, windscreen, and 

containment structures. The emissions from heavy vehicle traffic are covered in a 

separate section for unpaved roads. The emission sources considered in this section are 

digging and material drop. 

(1) Area Spraying with Water. This method involves wetting the area prior 

to excavation and wetting frequently as new soil is exposed. A study done in 1984 
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showed efficiencies for area spraying in the range of 62-70 percent for fine particulates 

during either traveling and scraping or dumping operations (EPA 1985). 

Therefore, area spraying with water was rated "very effective." Since this 

measure is commonly employed at construction sites and wetting can be performed with 

TABLE A.6-2 
PREVENTIVE MEASURES CONSIDEXWD FOR VARIOUS ACTIVITIES 

Minor 
Excavations 
(Test Pits) 

Drilling Unpaved 
Roads 

Preventive 
Measures 

Major 
Excavations 

Area Spraying 
with Water 

X X X X 

Area Spraying 
with Water1 
Surfactant 

X X X X 

Chemical Dust 
Suppressants 

X X X X 

spray 
Curtains 

X X 
~ 

Not 
Applicable 

Not 
Applicable 

Not 
Applicable 

Not 
Applicable 

X Windscreens I X I X 

Containment 
Structure 

X X Not 
Applicable 

Paving 
~ 

Not 
Applicable 

~~~~ ~ 

Not 
Applicable 

Not 
Applicable 

X 

readily available equipment (water truck) and materials, a rating of "easily implemented" 

was assigned. In the recently completed 881 Hillside construction project, area spraying 

was successfully employed as a dust control measure. The total for this control method 

was 4 points. 
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(2) Area Spraying with a Water-Surfactant Mixture. Surfactants, such as 

soaps, detergents, and various commercial products, reduce the surface tension of water 

and allow better penetration. Theoretically the use of water with a surfactant should 

increase the efficiency of the treatment over water alone; but, since the primary purpose 

of the surfactant is to reduce water consumption, both treatments are considered to be 

"very effective. 'I Wetting can be performed with the same available equipment as with 

water spraying. However, there is a potential for workers to be exposed to concentrated 

chemicals for which there is evidence of adverse effects in animals (EPA 1985). In 

addition, these may be occasions where the surfactant could contaminate the soil and 

compromise the validity of analytical results and/or enhance contaminant mobility in 

soils. Therefore, a rating of "implementable with some difficulty" was assigned. The 

total for this treatment was 3 points. 

(3) Chemical Dust Suppressants. Except for use in conjunction with a spray 

curtain (see below) or as a treatment for the work area (see A.6.4.4, Unpaved Roads), 
chemicals were not considered to be appropriate for use during digging operations 

because the area treated is continuously disturbed, greatly reducing their effectiveness. 

In addition, some of the drawbacks expressed in the use of surfactants apply here as well. 

Since a rating of "not suited to application" was assigned, chemicals were not rated for 

their implementability for this application. 

(4) Spray Curtains. A spray curtain consists of a series of nozzles which 

produce a "flat" spray around a dump location (usually a truck). The liquid from the 

nozzles captures and moistens the particulates as they fall through the curtain. Since the 

potentially contaminated topsoil will probably be transported to temprary storage piles 

or the burial trenches by scrapers, this control could not be implemented for the initial 

phase of construction. Trucks will transport soil during excavation of the trenches and 
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spray curtains were considered for this phase. In the same study cited above for area 

spraying (EPA 1985), results were reported for the effectiveness of both a 

water/surfactant spray and a chemical foam curtain. The water/surfactant spray was 

slightly more efficient than the chemical foam (56 versus 41 percent for fine 

particulates). However, neither method was as efficient as area spraying. Based on 

these results spray curtains were rated as "less effective." This application would also 

be slightly more difficult to implement than area spraying since a spray curtain would 

have to be purchased or fabricated. Therefore it was rated as "implementable with some 

difficulty." The spray curtain was given a value of 3 points. 

(5) Windscreens. Windscreens were studied as an alternative means of dust 

control for the Hillside 881 Project in Engineering-Science's Study (1990). Due to the 

size of the construction zone, a design incorporating two screens 160 feet long by 21 feet 

high and two screens 120 feet long by 21 feet high were considered. The study noted 

that rough terrain in the 881 hillside area could reduce the effectiveness of the 

windscreens by creating turbulent air flow and it suggested that windscreens be 

supplemented with other control means. Data on the effectiveness of windscreens are 

mixed. Some studies (EPA 1985) noted a reduction in total suspended particulates and 

inhalable particulates by 75 percent and 60 percent, respectively. However, another 

study indicated that windscreens did not reduce concentrations in the less than 10 

micrometer respirable-size range. It was concluded that windscreens would probably be 

effective in reducing wind erosion of large particulates from disturbed areas and storage 

piles, but may not be effective in reducing off-site concentrations. Therefore, 

windscreens were rated as "not very effective. 'I No adverse health effects for workers, 

other than the normal hazards of construction, are anticipated for the use of windscreens. 

However, the design studied in Engineering-Science (1990) also required 38 relocation 
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operations, which will generate additional dust. This application was rated 

"implementable with major difficulty. 'I The windscreen rating was 2 points. 

(6) Containment Structure (tent). A ribbed fabric structure was selected for 

analysis by Engineering-Science (1990) for the 881 Hillside Project. Since the influent 

collection trench is wider than the largest standard size, a custom design was nkcessary. 

Because of the potentially windy conditions, it was assumed that the structure would be 

placed on concrete pilings placed on 15 foot centers. Due to the uneven terrain, each 

relocation of the structure along the trench would require a custom installation, with a 

new set of pilings of differing lengths and additional materials to ensure a good seal with 

the ground. No figures were presented for control efficiency in the study. It is doubtful 

that 100 percent efficiency could be achieved, particularly in a structure to be built over 

a trench. Even if the efficiency of the structure itself is high, the additional dust 

generated during the construction of the pilings for numerous relocations and the 

relocation activities themselves offset its effectiveness. For these reasons, the 

containment structure was rated as "very effective" rather than "highly effective. 'I 

Worker safety is a major concern in implementing this control because contaminants 

from the soil and pollutants from vehicle exhausts will be confined by the structure. 

Class C worker protection was assumed for cost analysis purposes in the study, resulting 

in decreased worker efficiency, heat stress, and lost productive time. In addition, upon 

completion of activities, the structure will probably have to be disposed of as a hazardous 

waste. As a result the use of a containment structure was rated as "implementable only 

with extreme difficulty." The total score was 1 point. 

A.6.4.2 Minor Excavations (test pits) 
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The methods which were rated for their effectiveness and implementability for 

minor excavations were: area spray with water, area spray with a water-surfactant 

mixture, chemical dust suppressants (including foam), spray curtain, windscreen, and 

containment structure. The emission sources considered in this section are digging and 

material drop. 

(1) Area Spraying with Water. This method is employed in the same manner 

as discussed for major excavations and is expected to be "very effective" and "easily 

implemented". This method was successfully implemented in the 881 Hillside 

construction project, as discussed in the previous section. The total for this control 

method was 4 points. 

(2) Area Spraying with a Water-Surfactant Mixture. The surfactant may 

interfere with the chemical analysis of results from the test pit. For this reason, a rating 

of "not suited to application" was assigned, and surfactants were not rated for their 

implementability for this application. 

(3) Chemical Dust Suppressants. Chemicals also may interfere with the broad 

range of chemical analyses associated with the test pits. In addition, chemicals are not 

considered to be appropriate for use during digging operations because the treated area 
is continuously disturbed, greatly reducing their effectiveness. Since a rating of "not 

suited to application" was assigned, chemicals were not rated for their implementability 

or efficiency for this application. 

(4) Spray Curtain. Spray curtains have found application in the loading of 

trucks but not during excavation (see discussion of spray curtains for major excavations, 

above). Since test pits will be constructed by a backhoe placing the excavated soil near 
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the pit for later reuse, a rating of "not suited to application" was assigned and spray 

curtains were not rated for their implementability or efficiency for this application. 

(5) Windscreens. As discussed in conjunction with major excavations, data 

on the effectiveness of windscreens are mixed (EPA 1985). Since they may not be 

effective in reducing off-site concentrations, windscreens were rated as "not very 

effective." In order to study the implementability and efficiency of this control for test 

pits, a windscreen was designed to protect the pit itself and separate piles of 

contaminated topsoil and clean soil. Additional length was added to account for up to 

a 45 degree change in wind direction. The result was a windscreen 8 feet high by 44 

feet long. This application was rated "easily implemented." The total score for this 

method was 4 points. 

(6) Containment Structure. In order to study this alternative for test pit 

construction, the minimum size of ribbed fabric structure to contain a backhoe, the test 

pit, and the temporary storage piles was computed to be a structure 30 feet by 40 feet 

by 15 feet high. No figures for control efficiency are available for this alternative, but, 

as discussed above, it is doubtful that 100 percent efficiency could be achieved. Even 

if the efficiency of the structure itself is high, the additional dust generated during the 

construction of the structure and numerous relocations reduce its effectiveness. For these 

reasons, the containment structure was rated as "very effective" rather than "highly 

effective. I' Worker safety and hazardous waste disposal considerations result in a rating 

of "implementable only with extreme difficulty. 'I The selected structure could be moved 

on wheels in special channels to increase the efficiency of relocations or, if more than 

one test pit is active at a given time, additional structures would be constructed. In 

either case, the containment structure was rated as having significant implementability 

considerations. The total score was 4 points. 
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A.6.4.3 Drilling 

The preventive measures considered for drilling activities were area spraying with 

water, area spraying with water mixed with a surfactant, chemical dust suppressants 

(including foam), and windscreens. Containment structures were not considered for a 

variety of reasons, including the low emissions from drilling, the confined area of 

activity, the height of the drill rig, and the higher moisture content of subsurface soil. 

The emissions from light vehicle traffic are covered in a separate section for unpaved 

roads. The emission sources considered in this section include drilling and auger 

removal. 

(1) Area Spraying with Water. The emissions from drilling will occur in a 

limited area in the vicinity of the bore hole over a short period (one day or less). This 

area could be sprayed by a hand-held device, or an array of spray nozzles could be 

fabricated. This treatment, used successfully in the past, is expected to be Very 

effective" and "easily implemented". The total for this control method was 4 points. 

(2) Area Spraying with a Water-Surfactant Mixture. Surfactants may interfere 

with the analysis of results from drilling. For this reason, use of a surfactant was scored 

as "not suited to application" and surfactants were not rated for their implementability 

for this application. 

(3) Chemical Dust Suppressants. Chemicals may also interfere with the 

analysis of results from drilling. Since a rating of "not suited to application" was 

assigned, chemicals were not rated for their implementability or efficiency for this 

application. 
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(4) Windscreens. Since they may not be effective in reducing off-site 

concentrations, windscreens were rated as "not very effective" for off-site dispersion 

reduction. In order to study the implementability of this control, the same design 

postulated for test pits was assumed. This application was also rated "easily 

implemented" for drilling. The total score for this method was 3 points considering 

effectiveness as the overiding criterion. 

A.6.4.4 Unpaved Roads 

The dust control methods of choice are spraying with water, spraying with water 

mixed with a surfactant, chemical dust suppressants, and paving (EPA 1985). Although 

it is not commonly thought of as a dust control measure itself, proper roadway 

prepamtion enhances the above measures by ensuring that good compaction can be 

achieved. Sampling to determine if the aggregates are present in the proper sizes and 

proportions to give good compaction should be undertaken prior to using any unpaved, 

potentially contaminated road for heavy vehicle traffic. If the proper aggregate sizes and 

proportions are not present, the missing sizes can be added or a chemical dust 

suppressant can be chosen which will provide optimum control for the roadway 

conditions. The value of each of the control measures for unpaved roads is discussed 

below. 

(1) Spraying with Water. Watering once per hour has an effectiveness of 50 

percent. Watering twice as often will raise the effectiveness to 75 percent; and 

effectiveness near 100 percent has been obtained with applications of 0.125 

gallons/square yard every 20 minutes (EPA 1985). The application rate must be set so 

that contaminated water runoff is not a problem. The use of water was rated Very 

effective." The equipment needed to apply this treatment, a water truck or calibrated 
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spray bar, and equipment operators are readily available. However, the frequency of 

application is significantly higher than for chemicals which may only need to be applied 

every few weeks. Therefore, this treatment was scored "implementable with some 

difficulty". The total score for this application was 4 points. 

(2) Spraying with Water Mixed with a Surfactant. The addition of the 

surfactant merely increases the penetration of the water into the roadbed. With the same 

level of watering, the use of a surfactant should increase the effectiveness of the 

treatment. Since surfactants are normally added to reduce water consumption, the 

effectiveness is considered to be the same (EPA 1985). The use of water with a 

surfactant was rated "very effective." The equipment used to apply this treatment is the 

same as for water-only treatment, and similar application frequency requirements apply. 

The exposure to certain concentrated surfactants prior to dilution is a concern for 

workers' safety, but no major environmental effects were noted (EPA 1985). Therefore, 

the treatment was rated "implementable with some difficulty." The total score for this 

application was 4 points. 

(3) Chemical Dust Suppressants. In addition to surfactants used in conjunction 

with watering, there are three categories of products based on their method of dust 

control and chemical similarity: salts, adhesives, and bitumens. These products may be 

applied topically to the road surface or mixed in with the top layer of aggregate. A 
survey of the products available in 1983 showed that the effectiveness varied widely with 

the number of days since the last application, the application rate, traffic volume, vehicle 

size, the receiving surface, and testing methodologies. Efficiencies of 80 percent or 

greater were achieved within the first week after the initial application. Subsequent 

applications should be more effective, but no data was available (EPA 1985). Thus, 

chemical dust suppressants as a class were rated "very effective." A spray bar is 
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preferred over a water truck for application of liquid chemicals to ensure the correct 

application rate, and mixing chemicals with the top layer of soil is more difficult than 

topical applications. In general, the chemicals used for dust suppression are neither toxic 

nor mobile in the environment (EPA 1985); however, this application may require 

worker protection. The introduction of additional persistent chemicals into the 

environment may cause other regulatory considerations at RFP. Because of these factors, 

the use of chemical dust suppressants was rated "implementable with major difficulty. 'I 

The wide variety of chemicals available, each with a different application rate and long 

term effectiveness, makes a comparison with other dust reduction methods difficult. The 

total score for chemicals was 3 points. 

(4) Paving. The Handbook of Dust Control (EPA 1985) notes a reduction of 

98.5 percent in the base emission factor for paved versus unpaved roads. Paving was 

rated "highly effective" in reducing dust from roads. However, since multiple sites 

would each require temporary rodds during remedial investigations, this solution was 

rated "implementable with extreme difficulty. I' Compared to other dust control measures 

this option was rated as having significant labor requirements. The total score for paving 

was 4 points. 

A.6.5 CONCLUSIONS AND RECOMMENDATIONS 

The ranking of preventive measures by activity are shown in Table A.6-3. If, 

based on the proposed activity, contaminant concentrations in the work area are such that 

a Stage 2 area is declared, the Project Manager will select and justify the choice of 

preventive measures that will be applied, starting with the highest ranking option. The 

results indicate that area spraying with water should be employed when soil activity 

levels are above the threshold. Monitoring, in accordance with Appendix 7 guidance, 
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must be used to verify the effectiveness of the treatment. If an adequate water supply 

is available, water alone should be as effective as a water-surfactant mixture. The use 

of chemical dust suppressants is only recommended for unpaved roads with dust 

produced by heavy traffic which cannot be controlled by watering. Descriptions of 

chemical dust suppressants are included in Table A.6-4. For the major excavations, if 

the source of emissions appears to be truck loading operations, watering with a spray 

curtain should also be considered. If monitoring results indicate that watering alone is 

insufficient, then some means of reducing the wind speed in the vicinity of the dust- 

producing activity should be considered for digging or drilling operations. Paving is an 

option in the case of unpaved roads. 
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TABLE A.6-3 
POINT RANKING AND APPLICATION OF PREVENTIVE MEASURES 

FOR VARIOUS ACTIVITIES UNDER STAGE 2 

Minor 
Excavations 
(Test Pits) 

Major 
Measures Excavations 

Drilling 

Area Spraying 
with Water 

4 4 4 1  
Area Spraying 
with Water/ 
Surfactant 

Chemical Dust 
Suppressants 

spray 
Curtains 

Windscreens 

3 

Not Rated 

3 

2 

Not Rated 

Paving 

Not Rated 

Not Applicable Not Applicable Not Applicable 

~ 

Not Rated Not Rated 

Mot Rated Not Applicable 

4 l 3  
~~ 

Containment - I 1 I 3 1 Not Applicable 
Structure 

Unpaved 
Roads 

4 

3 

3 

Not Applicable 

Not Applicable 

Not Applicable 

4 

USE OF THIS TABLE (STAGE 2 AREAS ONLY) 

e Identify activity to be performed (or if unpaved roads are present in the work 
area). 

e Select highest ranking preventive measure (or justify use of another measure). 

If monitoring results indicate that the preventive measure is not satisfactory, cease 
work activities and apply the next method. 

e If none of the preventive measures reduce airborne contaminant concentrations 
to acceptable levels, study alternative methods not included in this plan. 
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APPENDIX 7 

AIRMONITORING REQUIREMENTS 



k7.1 INTRODUCTION 
I. 

Air sampling and monitoring will be performed in both Stage 1 and Stage 2 

work areas. Stage 1 refers to cases where the concentrations of hazardous substances 

(chemical or radiological) in an operable unit (OU) have been determined to be less 

than the soil threshold levels listed in Appendix 5 of the PPCD. Stage 2 refers to 
those cases where concentrations exceed the soil threshold levels. 

Air monitoring procedures in the vicinity of a work site within an OU will be 
implemented to provide assurance that off-site exposure concentrations are kept 
within the limits imposed by the risk analysis (Appendix 4). Both real-time and, for 
Stage 2 areas, cumulative (integrating) concentrations of contaminants in air will be 
measured. Appropriate air sampling and monitoring instruments will be selected 

depending on the types of contaminants that are present or suspected to be present 
at the site. 

The instruments used for the purpose of monitoring off-site concentrations 
may be the same as those used to monitor worker exposures. Concentrations of 

contaminants will be highest near the work site and decrease with distance. 

Therefore, these instruments will be most effective when placed as close as possible 
to the work site. The measured on-site concentrations will be scaled to the 

anticipated off-site concentrations by wing a dispersion factor which takes into 
account the distance to the RFP boundary. This will provide assurance that the 

public, as well as the workers, are being protected. 
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k7.2 RESPONSIBILITIES 

I 

c 
d 

I 
1 
I 

m 

The following persons will be responsible for ensuring that the air monitoring 

program is implemented in accordance with the requirements presented in this 

appendix. 

The Project Manager (PM) will determine whether the site is subject to 

Stage 1 requirements or the more stringent Stage 2 requirements. This decision will 

be made on the basis of measured or suspected soil contaminant levels relative to the 

respective soil threshold levels (Appendix 5). The PM will also select the dust 

suppression measures required to minimize the generation of dust from intrusive 

activities (Stage 1 - Appendix 8 or Stage 2 - Appendix 6). The PM will measure 

soil moisture levels and determine whether wetting is necessary. Based on the 

prevailing wind direction, the PM will select the appropriate downwind location from 

the work site for the air sampling and monitoring equipment. In addition, the PM 
will monitor the instruments used to measure concentrations of airborne 

contaminants. The PM has the authority to stop work if any action levels or alarm 

settings are exceeded. The PM is also responsible for reporting the monitoring 

results and ensuring that the instruments are operable and caliirated. Once air 

monitoring samples have been analyzed and reduced, they will be reported 

immediately to the PM. The PM is responsible for the interpretation of the air 

monitoring and sampling data obtained during the work. On the basis of these data, 

the PM will implement any additional dust suppression measures deemed necessary. 

The PM will also determine and resolve the cause of any measurements of airborne 

contaminant concentrations above action levels. 

The Health and Safety Coordinator (HSC) will select the appropriate air 

sampling and monitoring equipment to be used at each site and determine the 

appropriate action levels or alarm settings requiring cessation of work activities. The 

HSC also ensures that radiological and industrial hygiene measurements are taken 
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in accordance with established procedures. The HSC is assigned to the site by the 

Industrial Hygiene Manager and reports to the Project Manager. 

The Air Programs Representative (APR) will set up the anemometer and 
report wind conditions to the workers’ supervisor, the HSC, and the PM as specified 

in the work procedures. 

A73 SELECTION OF AIR MONITORING AND SAMPLING EQUIPMENT 

Applicability of monitoring and sampling equipment will be determined in part 
by the confirmed or suspected chemical and/or radiological contaminant(s) in the soil. 

The following equipment will be used to implement the air monitoring program: 

0 Anemometers to measure wind speed and direction 

Instruments to measure soil moisture 0 

0 Real-time contaminant monitors 

0 High-volume air samplers 

Anemometers will be capable of measuring the average wind speed and 
direction over 15 minute intervals. If not so equipped, the PM will take frequent 

readings and compute the 15 minute averages manually. 

Soil moisture instruments will be capable of measuring moisture levels at or 
below the soil moisture threshold (as pradcable) for the work activity. 

Real-time contaminant monitors will provide assurance that airborne 
contaminants do not exceed predetermined concentration levels over short periods 
(Le., 15 minute averages). They will be under the observation of a field technician. 

Work will be suspended by the PM if the technician observes a reading above the 
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predetermined limit. These monitors may be capable of measuring contaminant 

concentrations directly, but will most likely be capable only of indirectly measuring 

the concentrations (i.e, dust concentrations or organic vapor concentrations). 

High-volume air samplers (Hi-Vols) are integrating devices that will provide 

long-term average concentrations for Stage 2 work areas. Hi-Vols, in conjunction 

with appropriate analytical protocols can be used to idenhfy and quantify specific 

contaminants. Real-time TSP measurements will be the primary means of evaluating 

mitigative measures effectRreness. Sample analysis results will be used to confirm that 

contaminant concentrations were maintained below the predetermined limits for the 

duration of the work activities. The required sampling frequency and analysis 

turnaround time will be determined by the PM, based on the soil contamination 

levels and instrument sensitivity. 

The following is a list of monitoring and sampling equipment that may be 

selected and each instrument’s applicability. 

Monitoring EuuiDment: 

The TSI Piezobalance, Model 3500, is used to monitor respirable aerosols. 

The Piezobalance measures the mass concentration of aerosols in the 0.01 to 10 

micrometer range. It requires two minutes for a measurement and displays the 

reading directly in milligrams per cubic meter (mg/m3). The Piezobalance (or 

equivalent) will be used extensively to provide real-time monitoring of total 

suspended particulate (TSP). 

A vacuum pump draws aerosol into the instrument at a rate of one liter per 

minute (umin). Particles greater than 3.5 micrometers pass through an impactor to 

a precipitator. The smaller particles are then charged and deposited on a sensor - 
a quartz crystal that oscillates at its natural frequency. The oscillating frequency of 
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the sensor decreases by an amount that is proportional to the mass of particles 

deposited. The frequency change is detected periodically by a counter and the 

reading is displayed. M e r  measurement is completed, the frequency change is 

converted to units of concentration, mg/m3, and displayed. 

Hid-Volume Samders: 

Total suspended particulates in sizes up to 50 micrometers (pm) can be 

measured using high volume samplers. The high volume sampler draws ambient air 

into a covered housing and through a filter, and the total suspended particulates 

collect on the filter surface. The mass is computed by measuring both the mass of 

the TSP collected and the volume of air sampled. 

Model 217 - Laser Particle Counter: 

The particle counter measures two particle sizes simultaneously on two 

different channels. The range of particle size is 0.25 to 5.0 microns. Airborne 

particles are detected using a solid-state laser diode source and collection optics. 

Particles deflect light energy from the solid-state laser diode onto the collection 

optics. The collection optics focus the light on a photodiode that converts the bursts 

of light into electrical impulses. The pulse height is proportional to particle size. An 
audiile alarm can be set to occur when the count exceeds a given limit. A printout 

shows the two selected particle sizes, the count for each size, count alarm limit, 

temperature, and relative humidity. a 
1 

The Miniature Real-Time Aerosol Monitor (MINIRAM) Model PDM-3 is a 

personal-size airborne particulate monitor. It uses a pulsed GalAZAs light-emitting 

source. The radiation scattered by airborne particles is sensed by a silicon- 

I 
8 
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photovoltaic detector. An optical interference-type filter screens out any light with 

a different wavelength than that of the pulsed source. 

The MINIRAM measures the concentration of solid and liquid airborne 

particles from 0.1 to 10 micrometers in size. The concentration of aerosols is 

measured in units of milligrams per cubic meter (mg/cm3). 

The instrument is powered by a set of rechargeable Ni-Cd batteries that can 

provide continuous monitoring operation for over 8.5 hours, and it can retain stored 

information for approximately six months. An alarm system warns the user when the 

pre-set threshold concentration level has been exceeded. 

The MINIRAM, which measures TSP in real-time, will be used (along with the 

Piezobalance) as a primary means of evaluating mitigative measures effectiveness. 

HNU Trace! Gas Analner 

The HNU Trace Gas Analyzer is a portable photoionization detector that is 

used to measure the atmospheric concentration of trace gases. Molecules of gas 

absorb photons emitted by the instrument's ultraviolet (UV) light source and release 

electrons. The electrons travel to a collector electrode and create an electrical 

current which is measured and displayed as the correspondbg concentration of gas 

in parts per million (ppm). The instrument's range of detection is 0.1 to ZOO0 ppm. 

An audible alarm can be attached to the instrument to give an 85 decibel 

signal when a pre-set concentration is exceeded. A recorder can also be attached to 

the readout assembly to provide a hard copy of the data. 
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Photovac Microtir, Hand Held Air Monitor 

The Microtip measures the concentration of airborne ionizable gases in the 

range of 0.1 to 2000 ppm isobutylene equivalent. The sample inlet carries a gas 
stream to the ultraviolet light source. Photons generated by the UV source 
ionize specific molecules in the gas stream. The ionized molecules move to the 
collector electrode and generate a current proportional to the concentration of the 

gas. The instrument is equipped with an alarm which signals when the pre-set value 
is exceeded. 

A.7.4 LOCATION OF AIR SAMPLING AND MONITORING EQUIPMENT 

Monitoring instruments will be placed as close as possible to the work area 
(about 5 - 10 meters) without interfering with the work activities. The selected 
location must be far enough so as to not be in the wake of buildings or machinery. 

Instrument can be placed closest for activities such as drilling which do not involve 
frequent movement of machinery. It is recommended that instruments be placed as . 

far as 10 meters away when the activities involve excavation and vehicular traffic. If 
the wind direction appears to change substantially, or if the work location moves, the 

instrument(s) will be repositioned accordingly. Since the exclusion zone for work in 
a contaminated area typically extends 30 feet from the work site, an appropriate 

downwind location will be inside, or along, the exclusion zone boundary. 

Downwind real-time monitors and air samplers will be co-located to the extent 
possible. This will permit the PM to inspect several instruments simultaneously. 
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A75 SELECTION OF ALARM SETLINGS OR ACTION LEVELS 

Alarm settings or action levels will be established for soil moisture, wind 

speed, and airborne contaminant concentrations. 

A7.5.1 Soil Moisture 

Soil moisture will be maintained above a minimum value as determined by the 

PM. Typically, this minimum will range from about 10 to 15 percent, depending on 

the soil type, vegetation, and any dust suppression measures that may have been 

implemented. 

A733 Windspeed 

Limits on average wind speed will be determined by the PM based on the type 

of dust-generating activities to be performed at the work site. Typically this limit will 

be set at 35 mph for drilling and small-scale excavation activities and 15 mph for 

other activities. 

A7.53 Airborne Contaminant Concentrations - Off-Site Exposures 

Measuring concentrations of contaminants emitted from Stage 1 or 2 work 

areas directly at the RFP boundary is not practical. This is due mostly to the 

atmospheric dispersion that significantly reduces airborne concentrations from the 

point of origin. Consequently, air monitoring to evaluate the mitigative measures 

effectiveness will be implemented near the emission source. This requires 

establishing an action level concentration that can be measured near the emission 

source which is related to an acceptable concentration at the site boundary. 

d 
I 
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To estimate the concentration at the site boundary, a dispersion factor was 

derived for each of the four areas (OU3, A, B, C). These factors are listed in Table 

A.7-1 and account for the dilution that occurs from the work area (10 meters from 
the source) to the site boundary based on the prevailing atmospheric stability (Class 

D)* 

Table A.7-2 lists the limiting site boundary concentrations for the pMcipal 

con taminants. These concentrations, derived from Appendix 5, represent the 

airborne levels associated with each compound’s 1 x lod lifetime excess cancer risk 

or 10% of the exposure doseheference dose quotient. These concentrations limits 
are independent of the type of activity or area in which the activity is conducted. To 

obtain the equivalent on-site concentration (i.e., 10 meters away from the work area), 

these concentrations must be multiplied by the appropriate dispersion factor. In 
addition, if the instrument measures the contaminant carrier, a scaling factor must be 

applied. If dust is the contaminant carrier, this is accomplished by dividing the 

maximurn on-site concentration of contaminant in air by the concentration of the 

contaminant in soil to obtain the limiting concentration of dust in air. This is 

repeated for each contaminant present in the soil. The action level is then set to the 

limiting (lowest) concentration of dust obtained by the above method. 

When occupational limits for the contaminant exist, the action levels as 

calculated in the next section will usually be more restrictive than those calculated 

based on off-site protection criteria. This is due to the significant atmospheric 

dispersion factor (three to four orders of magnitude) that occurs between the work 

site and the site boundary. However, there are some contaminants for which no 

occupational limits have been established. In such cases, the off-site concentration 

limits will be the only applicable criteria in setting the action levels. 
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TABLE A7-1 

Dispersion Factors Used in Calculating Off-Site Action Levels 

* For Zone A, B, and C, this conservatively assumed to be the RFP site 
boundary. 

* Factor by which airborne contaminant concentration decreases: work area (10 
meters from source) to RFP boundary. 
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TaMo A.7-2 

'SITE BOUNDARY LIMITING CONCENTFIATIONS 
EPA Threshold Levels L .E. C .R HI 

Threshold Conc. Threshold Conc. 

Radlonudldes 
Uanlum 233 & 234 
U-anlum 23!5 
Uranium 238 
Amcrlcium 241 
Aubniun 239 & 240 
Trltlw @as)* 
Strodurn 89 
Slrontlum 90 
Cerium 137 
Radium 223 
Radium 228 
Non-Radlonuclldes 
Anenic 
Berlum 
Beynium 
Cadmium 
Chmmlum 111 
Chmmlum VI 
Manganese 
M=w 
Hexachlaocyclohemne (alpha) 
Hexachlorocyclohemno (bet3 
Heptachlcr 
Heptachlor Epoxide 
Akkln 
Dieldrin 
DDT 
Chlordane (alpha, gamma) 
Toxtwhene 
voc. a semi-voc. I chlarofomr 
1 ,1,1 -Tfbhlomdhane 
Carbon Temchlcrlde 
Benzene 
Toluene 
Dlchlwrnethane 
Xylenes 
MEK 
1,2-Dichlcroethane 
5omomethane 
Carbon Dipul!ide 
1 ,I -Dlchlaoethene 
1 ,I -WCMOrodhaM 
VlnyIAcelate 
1,3-Dlchbrop~nO 
1 ,I ,2-Trlchlapethane 
Bromofon 
Tmchlamethene 
Chlorobenzene 
Ethylbenzene 
Styrene 
VlnylChiwlde 
12-DlChlaoethene 
1,2-DIchlaopmpane 
1,12,2-Teb9chlmethane 
2-Chlaoethyl E;thw 
1,4-DIchlaabernene 
1,2-DIchbabenzene 
NiOobemene 
Hexrrohlomt hane 
1,2,4-Trlchlmbemene 
Hexachlorobutadio ne 
Hercachlaocyclopentadlene 

Hexachlac4emene 
2.4,6 -Tfbhlomphed 

4.6E-03 
4.8E-03 
2.9E-03 
2.8E-03 
1.5Ei-03 
3.9E +01 
2.OE +OO 
2.3E +OO 
3.8E-02 
1.8E-01 

4.1 E-06 

2.4E-05 
3.3E-05 

5.OE-05 

mdm3 

3.2E-05 
1.1 E-04 
4.5E-05 
2.2E-05 
12E-05 
1.3E-04 
6.OE-04 
1.6E-04 
1.9E-04 

2.5E-03 

1.6E-03 
6.8E-03 

mdm3 

1 .OE-01 

2.2E-03 

1.7E-04 

1.6E-03 
3.6E-03 
5.2E-02 
1.1 E-01 

1 .OE-01 
7.OE-03 
2.2E-03 
1 .6E-03 
1 .OE-03 
1.9E-04 

1.5E-02 

2.6E-03 

1.9E-02 

1.5E-03 

8.3E-06 
8.3E-06 
1.7E-04 
1.3E-04 

mdm3 

4.4E4-00 

8.8E-01 
1.3E +OO 
1.3E-01 
1.3Ei-00 

2.9E-02 
4.4E-03 

1.5E+OO 
8.86-02 
8.8E-03 

7.3E-02 
4.4E-01 

2.9E-01 
5.8E-01 
8.8E-03 

4.4E-02 I 
2.9E-04 

1.3E-041 1 



An example derivation of an action level based on off-site concentration limits 
is @en in Section 7.7 along with a comparison to the worker protection action level 

derived for the same contaminant. 

A.7'3.4 Airborne Contaminant Concentrations - Occupational Exposures 

Occupational exposure control is governed by the individual site specific health 

and safety plan. Details regarding the establishment of action levels and monitoring 

prc~grams are detailed therein. The following discussion is provided to familiarize the 

reaider with the method used at RET for monitoring worker exposure to hazardous 

waste site contaminants. In general, to protect the workers, alarm settings or action 

levels will be calculated based on occupational concentration limits (DACs, "LV- 
lWAs, PELS, etc.). Concentration measurements are normally taken in the worker's 

breathing zone. 

As mentioned above, the alarm settings and/or action levels for airborne 

emissions normally will be calculated at 10 percent of the occupational concentration 

limits when the instrument measures the contaminant directly. If the instrument 

measures a contaminant carrier (e.g., dust), the alarm will be set at a concentration 

eqiual to the ratio of the contaminant's limit in air (10% of DAC, PEL, TLV, etc.) to 

the: measured or estimated concentration of the contaminant in soil. 

If measured concentrations are between 10 and 100% of the DAC or TLV, 
appropriate respiratory equipment will be used or other measures taken to reduce 

wolrker exposures. Any concentrations measured above the occupational limits will 

resiult in a suspension of work activities and the application of mitigative measures. 

De:tails of the worker protection program will be contained in the site-specific health 

and safety plan. 
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PU-239 

AM-241 

u-238 

u-235 

U-234 

CS-137 

H-3 

c 
I 
I 

2 E-12 /~Ci/ml 

2 E-12 pCi/ml 

2 E-11 pCi/ml 

2 E-11 ~ C W  

2 E-11 pCi/ml 

7E-8 pCi/ml 

2E-5 /.~Ci/ml 

The derived air concentrations are listed in Table A.7-3. Local Air Monitoring 

Trigger Levels for plutonium are listed in Appendix 8 (Attachment Two, Table 1.0). 

Occupational limits for non-radionuclides can be obtained from a current ACGIH 
TLV Book or the list of OSHA PELS. 

TABLE A73 

Derived Air ConaWrations 

Note: The values for derived air concentrations (DAC) are based on either a stochastic dose limit 
of 5 rem or a nonstochastic dose limit of 50 rem per year, whichever is more limiting (DOE Order 
5480.11) 

k7.6 WORK START/STOP CRITERIA 

Work will not start or will be temporarily halted under any of the following 

circumstances: 

0 Soil moisture levels below the practicable threshold; 

0 Average wind speeds in excess of the threshold for two consecutive 15- 
minute periods, 

0 Real-time monitor alarm or readings above the occupational or off-site 
action level; or 
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Air sample analysis showing concentration above the action level. 

Under normal operating conditions (i.e., above the soil moisture threshold and 

below the wind speed threshold), no additional dust suppression methods should be 

required for Stage 1. Monitoring will be conducted to ensure compliance with 

occupational standards and to confirm that predicted rates are not exceeded. Since 

the 1Om action levels are based on a back-calculation of dispersion to the site 

boundary, they are independent of the predicted emission rates. Airborne 

concentrations in excess of action levels or alarm settings will result in the suspension 

of activities until the cause is determined. This may require: a) repair of the monitor 

or sampler if found to be defective; b) changing the alarm settings and/or action 

levels if found to be miscalculated or too conservative; c) re-evaluating the 

dispersiow'emission model; and/or d) re-analysis of the contaminant concentrations 

in soil. The conclusions obtained from such an assessment may require that the area 

be reclassified as a Stage 2 work area. 

Stage 2 dust suppression measures (in addition to soil moisture and wind 

speed controls) will be taken prior to the start of operations to reduce the probability 

of exceeding the action levels. However, airborne contaminant concentrations in 

Stage 2 areas could increase above the action levels. Should monitors alarm and/or 

action levels be exceeded, additional dust suppression measures will be applied in 

accordance with the guidance presented in Appendix 6. 

Work will start when the following conditions, where applicable, have been 

met: 

Minimum practicable soil moisture criterion is achieved; 

Average wind speeds are below the threshold for two consecutive 15- 
minute periods; and 
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0 The cause for the monitor alarm or instrument readings above the 
action level has been determined and resolved. 

A.7.7 EXAMPLE ACTION LEXEL CALCULATION 

The following example is included to indicate how air monitoring action levels . 
will be derived. This example assumes the drilling will occur in Zone A and that the 

principal contaminants are Pu-239 (1000 pCi/g) and beryllium (0.5 mg/g). 

Based on the zone, activity, and contaminant concentrations, the PM would 

declare this a Stage 1 area since the soil threshold levels for drilling in Zone A are 

28,000 pCi/g Pu-239 and 244 mg/g beryllium (see Appendix 5 for soil threshold 

levels). 

The off-site action levels are calculated as follows. From Table k7-1, the 

dispersion factor for work conducted in Zone A is 12,000. The off-site concentrations 

limits for Pu-239 and beryllium, obtained from Table k7-2, are 2.8E-03 pCi/m3 and 

2.4E-05 mg/m3, respectively. Note that these concentrations are two to three orders 

of magnitude lower than the comparable occupational limits. To obtain the 

equivalent on-site concentration limits (prior to dilution from work-site to the RF'P 
boundary), the off-site limits are multiplied by the dispersion factor for Zone A. This 
results in concentration limits of 34 pCi/m3 and 0.29 mg/m3 for Pu-239 and beryllium, 

respectively, at 10 meters or less from the work site. 

In this example, the off-site public is protected by an additional margin of 

safety when occupational limits are applied to the contaminants. To further expand 

on this point, the equivalent dust concentration action levels based on off-site 

concentration limits are 34 mg/m3 (based on 1000 pCi/g Pu-239 in soil) and 580 

mg/m3 (based on 0.5 mg/g of beryllium in soil). The occupational (shut-down) action 

level of 2 mg/m3 (10 times the concentration listed in Table 1.0 of Attachment Two 

A-7- 15 



to Appendix 8) is 17 times lower than the 34 m@m3 off-site action level. This 
example is illustrated in Figure 7-1. 

A.7.8 SUMMARY AND ACTION CHECKLIST 

The following checklist is intended to summarize the requirements of the air 

sampling and monitoring plan to be applied to each work site. Note that these steps 
are to supplement the worker protection measures in the site-specific Health and 

Safety Plan. 

Determine the type of dust generating activities that will occur at the 
work site. 

Determine the area of the plant (OU3, A, B, or C, as defined in the 
PPCD) in which the activities will occur. 

Obtain measured (or estimate) concentrations of contaminants in the 
soil. 

Compare these concentrations to the most limiting soil threshold levels 
for the activity and plant area (listed in Appendix 5). 

e If contaminant concentrations are below the soil threshold level, 
declare a Stage 1 work area; no additional dust suppression measures 
beyond maintaining minimum soil moisture levels will be required. 

e If contaminant concentrations are above the soil threshold level, 
declare a Stage 2 work area; decide which dust suppression measures 
will be most effective based on location of work area and amount of 
contamination. 

e Based on the contaminants present in the soil, select the monitoring 
and sampling equipment to measure airborne concentrations. For 
Stage 2 work areas, Hi-Vols are required. Determine the required 
sampling frequency and analysis turnaround times. 
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Based on the contaminant concentrations in soil and/or the airborne 
concentration limits (both occupational and off-site) and the instrument 
capabilities, set instrument alarm levels and determine action levels. 

Establish minimum soil moisture and maximum wind speed criteria. 

Verify that all monitoring and sampling instruments, including 
anemometer and soil moisture probes, are operable and caliirated. 

Measure soil moisture levels and, if necessary, wet the work area until 
the minimum soil moisture levels have been achieved. 

For work in a Stage 2 area, apply the selected dust suppression 
measures. 

Determine the prevailing wind direction and place the anemometer 
and the air monitoring and sampling equipment downwind and within 
10 meters of the work area. 

Power the instruments and verify their proper operation. 

Begin work activities. 

Monitor the instruments periodically to ensure that all parameters are 
within established action levels. 

If the prevailing wind direction changes to the extent that the 
instruments are no longer downwind of the work site, or if the work 
site moves, relocate the instruments accordingly. 

Temporarily cease activities if average wind speeds exceed pre- 
established limits; resume activities when winds abate. 

Cease work activities if any of the concentration measurements exceed 
the action levels or alarm settings; analyze air sampling media; 
determine and resolve the cause of the excursion; and resume 
activities. 

Evaluate and report the results of routine air sampling analyses 
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B k7.9 REFERENCES 

DOE Order 5480.11 December 21, 1988. Radiation Protection for Occupational 
Workers. 
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ATI'ACHMENT 7-1 

AIR MONITORING CHECKLIST 

The following checklist provides procedural guidance on implementing the air 
sampling and monitoring plan in the PPCD. Note that these steps are to supplement 
the worker protection measures in the site-specific Health and Safety Plan. 

0 List the type of dust generating activities that will occur at the work site (as 
defined in the PPCD). 

Activity 1: 

Activity 2: 

Activity 3: 

Activity 4: 

0 Enter the area of the plant (A, B, or C, or OU3 as defined in the PPCD) in 
which the activities will occur. 

Area: 

Cl Obtain measured (or conservatively estimate) concentrations of contaminants 
in the soil. Reference laboratory log number or write "Estimated". 

Contaminant Concentration (units) Source 
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0 Based on the contaminants present in the soil, circle the monitoring and 
sampling equipment that will be used to measure airborne concentrations 
(refer to Appendix 7). Venfy that all instruments, including anemometer and 
soil moisture probes, are operable and calibrated. 

Instrument 

Anemometer Moisture Probe 
Piezobalance 

RadeCo High 
Volume Sampler "u OVA 

Miniram 

Other: 

0 Based on the contaminant concentrations in soil and/or the airborne 
concentration limits and the instrument capabilities, set instrument alarm 
levels (if equipped) or determine action levels, both for occupational and off- 
site shutdown criteria (see Section 7.7, Appendix 7 of PPCD for an example). 
If contaminant is measured directly, enter action level for the contaminant. 
If measured indirectly, also enter actiodalaxm level for the contaminant 
carrier (e.g., maximum allowable dust concentration). This will be the ratio 
of action level to contaminant concentration in soil. If the instrument 
measures more than one contaminant, enter most restrictive action level. 

Measured Contaminant Carrier Action Level 
Instrument Parameter Action Level (if amlieable) 

I 
1 
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0 From above list, circle the lowest action level if an instrument is used to 
monitor more than one contaminant or if both occupational and off-site 
concentration limits apply. Circle the category listed below which forms the 
basis for the action level: 

OCCUPATIONAL, LIMIT OFFSITE CONCENTRATION LIMIT 

0 Establish minimum soil moisture and maximum wind speed criteria. 

Minimum soil moisture: % 

Maximum wind speed mPh 

0 Measure soil moisture level and, if necessary, wet the work area until the 
minimum moisture level has been achieved. 

Soil moisture: % 

Wettingneeded? YES NO 

If YES, spray work area with water and repeat measurement. This activity 
should be conducted under the supemision of the project manager. 

Final soil moisture: % 

0 For work in a Stage 2 area, apply the selected dust suppression measures. 
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0 Determine the prevailing wind direction and place the anemometer and the 
air monitoring and sampling equipment downwind and within 10 meters of the 
work area. 

Wind blowing from: 

Wind speed mPh 

Distance of instruments from work area: m 

0 Power the instruments and verify their proper operation. 

0 Begin work activities. Monitor the instruments periodically to ensure that all 
parameters are within established action levels. 

0 If the prevailing wind direction changes to the extent that the instruments are 
no longer downwind of the work site, or if the work site moves, relocate the 
instruments accordingly. 

0 Temporarily cease activities if average wind speeds exceed pre-established 
limits during two consecutive 15-minute intervals; resume activities when winds 
abate below limit for two consecutive 15-minute intervals. 
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0 If any of the concentration measurements exceed the action levels or alarm 
settings: 

CEASE ALL WORK ACTIVITIES 

Analyze air sampling media 

Determine and resolve the cause 

After cause has been determined and resolved, obtain approval to 
resume activities 

Document the occurrence, cause and resolution 

0 Evaluate and report the results of routine air sampling analyses. 
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APPENDIX 8 

INTERDl PLAN FOR PREVENTION 
OF CONTAMINANT DISPERSION 



INTERIM-PLAN FOR PREVENTION OF 
CONTAMINANT DISPERSION 

1) OBJECTIVE 

The objective of this Interim-Plan for Prevention of 
Contaminant Dispersion (IPPCD) is to establish procedural 
requirements to mitigate potential hazards, on an interim 
basis, to persons located offsite as a result of contact 
with emissions resulting from intrusive remedial 
investigation activities. 

2 )  SCOPE 

Procedural requirements identified herein are applicable to 
certain intrusive actions taken at the 16 Operable Units 
(UOs) as part of the RFT/RI and IRA activities described in 
the Inter-Agency Agreement (IAG). Intrusive activities 
which fall within the scope of this IPPCD are those with the 
potential for producing appreciable quantities of suspended 
particulates (AQSP), primarily through mechanical actions. 
Intrusive activities potentially susceptible to producing 
AQSP include: 

o 

o 

Monitoring well and soil/rock borehole installation. 

Excavations such as trenching or test-pitting using 
powered equipment. 

Additionally, heavy vehicular traffic associated intrusive 
RFI/RI activities shall be considered as susceptible to 
producing AQSP. By contrast, activities such as surface 
soil sampling with hand implements are not considered as 
susceptible to producing AQSP. Attachment One identifies 
activities for which Standard Operating Procedures (SOPS) 
exist that will likely require application of the 
requirements identified herein. 
be given to Interim Remedial Action (IRA) construction- 
related activities that could require handling large 
quantities of soil. 

Special consideration shall 

Procedural requirements identified herein must be evaluated 
on a case-by-case basis to determine their potential impact 
on other IAG objectives. For example, it is possible that 
applying certain dispersion techniques, such as wetting, 
could compromise sample integrity and limit the usefulness 
of the data for which the sampling was intended. 
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The requirements identified in the IPPCD shall remain in 
effect until the final PPCD is approved or until 
modifications are approved and documented in the Site- 
Specific Health and Safety Plan (SSH&SP). 

3) RESPONSIBILITY 

The EG&G RFI/RI Project Manager (PM) shall be responsible 
for assuring that activities conducted at his/her OU are 
performed in accordance with the requirements identified 
herein, as well as other relevant procedures including the 
Environmental Monitoring and Assessment Division Standard 
Operating Procedures (i.e., the SOPs). 

The Remediation Programs Division (RPD) Manager will be 
responsible for follow-up and auditing of the PM. 

c 

4) PROCEDURAL REQUIREMENTS 

A pre-startup activity review to evaluate the potential for 
intrusive actions producing emissions of AQSP containing 
hazardous substances shall be conducted by the PM and the 
Activity Field Supervisor. 
performed by a subcontractor, the subcontractor's Activity 
Field Supervisor shall participate in the review. 

If the activity is being 

The pre-startup activity review involving intrusive 
activities where there is significant potential for 
producing AQSP containing hazardous substances shall be 
documented by completion of a Radioloaical/H&S Work Permit 
(HSP 6.05) and an Excavation Pennit (HSP 6.01). HSP's 6.05 
and 6.01 are attached. 

If the review establishes that there is significant 
potential for producing AQSP containing hazardous 
substances, the requirements identified below, as well as 
relevant SOPs, shall govern the activity. 

4.1) SPECIFIC REQUIREMENTS 

Activities where there is significant potential for 
producing AQSP containing hazardous substances shall not be 
conducted when the following conditions exist: 

o Sustained wind speeds above 15 miles per hour (mph) 
as measured by a site-located anemometer in the case 
of construction-related excavation, earth moving or 
other dust generating operations. Sustained winds 
above 15 mph exist when the 15-minute average wind 
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speed exceeds 
periods. 

15 mph for two consecutive 15-minute 

o Sustained wind speeds above 35 miles per hour (mph) 
as measured by an anemometer located in the 
construction yard at the 881 Hillside in the case of 
drilling and related investigative activities. 

When visible particulate matter emissions are 
observed originating from the intrusive activity. 

Soils moisture 'content ,less that 15 percent (to the 
extent practicable) on roadways adjacent to the 
activity area as measured with a Soiltest llSpeedy 
Moisture Tester" or equivalent instrument. Soils 
can be wetted to increase the moisture content to 15 
percent if necessary. 

o 

o 

o When Total Suspended Particulate (TSP) 
concentrations measured in the vicinity of the 
activity exceed the site-specific trigger levels. 
Site-specific trigger levels are developed for key 
occupational contaminants of concern in- each Site- 
Specific Health and Safety Plan. 
Figure 1 prBent typical site-specific trigger 
levels for Plutonium. 

Table 1 and 

4 2 ) ADDITIONAL REQUIREMENTS 

o In the special case of excavations, the top 6" of 
soil will be moved (i.e., scraped) and placed in a 
low pile and covered with a tarp or other suitable 
covering to prevent resuspension of particulate. 

o In the case of construction-related materials 
containing potentially hazardous substances such as 
temporary piles from excavations, actions to prevent 
the emission of visible particulate matter will be 
applied as necessary. Such actions may include, but 
are not limited to, the application of dust 
suppressants and/or use of covers. 

The potential for spreading contamination will be prevented 
through conscientious decontamination, material handling and 
monitoring practices. 
identified as follows: 

SOPS for these practices are 

0 SOP 1.3; General Equipment Decontamination 

0 SOP 1.4; Heavy Equipment Decontamination 
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o SOP 1.5; Handling of Purge and Development Water 

o SOP 1.7; Handling of Decontamination Water and Wash 
Water 

0 SOP 1.8; Handling of Drilling Fluids and Cuttings 

o SOP 1.9; Handling of Residual Samples 

o SOP 1.10; Receiving, Labeling and Handling of Waste 
Containers 

0 SOP 1.12; Decontamination Facility Operations 

0 SOP 1.13; Containerization, Preserving, Handling, 
and Shipping of Soil and Water Samples * 

o SOP 1.15; Use of Photoionizing and Flame Ionizing 
Detectors 

o SOP 1.16;  Field Radiological Measurements 

4.3) AIR QUALITY MONITORING REQUIREMENTS 

Air quality monitoring requirements for activities where 
there is a significant potential for producing appreciable 
quantities of suspended particulate include the following: 

o Site perimeter and community Radiological Ambient 
Air Monitoring Program (RAAMP). 

Local monitoring of Total Suspended Particulate 
(TSP) at individual activity worksites shall be 
conducted using a T S I  @@Piezobalance@L Model 3500 
Aerosol Mass Monitor, real-time instrument (or 
equivalent). Local TSP measurements, in conjunction 
with site-specific trigger levels, will be used to 
guide the PM1s evaluation of the potential hazards 
associated with activity related emissions. 

o 

o In the special case of earth-moving activities 
related to Interim Remedial Action (IRA) 
construction, local TSP monitoring may be augmented 
with local high volume (Hi-Vol) air sampling. The 
determination to use Hi-Vol air sampling as well 
pertinent analysis, sampling duration, and quality 
control requirements, will be made at the pre- 
startup activity review. 

4 



\ 

li 
f 
t 
8 
1 
e 
r 
I 
1E 
P 
I 

o Additional worker health and safety monitoring as 
required by the Site-Specific Health and Safety 
Plan. 

Attachment Two provides additional information on these air 
monitoring requirements and identifies responsibilities for 
their implementation under the ,IPPCD . 
Additional requirements that govern activities where there 
is a significant potential for producing appreciable 
quantities of suspended particulate include the following: 

0 

. o  

0 

0 

Excavated soils that are :not promptly backfilled 
shall be covered with a t4arp or similar cover to 
prevent resuspension of p$articulate. 

Vehicular traffic will be minimized to the extent 
practicable. 

Vehicular traffic shall not exceed 5 mph. 

Roadways will be watered as necessary. 

c 

Restarting intrusive activities is the responsibility of the 
PM. Restart will be allowed when the condition that 
prompted cessation of intrusive activities has been 
alleviated. For example, if intrusive activities were 
halted because average wind speeds exceeding 15 miles per 
hour for two successive 15 minute periods were recorded, 
then restart can occur when an average of two successive 15 
minute periods (i.e. 30 minutes) of less than 15 miles per 
hour is recorded. Another example is the cessation of 
intrusive activities resulting from the observation of 
visible particulate emissions originating from an activity 
such as vehicular traffic across an access path. 
case, the PM may resume traffic across the area of emissions 
after preventive actions (such as wetting) have resulted in 
the elimination of visible partic:ulate emissions. Restart 
follpwing shutdown as a result of exceeding the site- 
specific trigger level will not occur until consistent TSP 
measurements below the trigger level are observed. 

In this 

Activity-specific requirements will be evaluated periodically to 
determine their effectiveness at preventing dispersion of 
contaminants from activities where there is a significant 
potential for producing appreciable quantities of suspended 
particulate. 
documented in the Site-Specific Health and Safety Plan. 

Modifications to these requirements will be 
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ATTACHMENT ONE 
STANDARD OPERATING PROCEDURES 

TO CONSIDER FOR IMPLEMENTATION 
OF THE IPPCD 

I SOPs for Activities Likely To Be Impacted By the IPPCD 

SOP 3.2 

SOP 3.3 

SOP 3.4 

Drilling and Sampling Using Hollow-Stem Auger 
Techniques 
Isolating,Bedrock from Alluvium With Grouted 
Surface Casing 
Rotary Drilling and Rock Coring 

I1 SOPs That Affect IPPCD Activities 

SOP 
SOP 
SOP 
SOP 
SOP 
SOP 

SOP 
SOP 
SOP 

SOP 
SOP 

SOP 

SOP 

1.1 Title To Be Determined 
1.3 General Equipment Decontamination 
1.4 Heavy Equipment Decontamination 
1.5 
1.6 
1.7 

1.8 
1.9 Handling of Residual Samples 
1.10 Receiving, Labeling and Handling of Waste 

1.12 Decontamination Facility Operations 
1.13 Containerization, Preserving, Handling, and 

1.15 

1.16 Field Radiological Measurements 

Handling of Purge and Development Water 
Handling of Personal Protective Equipment 
Handling of Decontamination Water and WasA 
Water 
Handling of Drilling Fluids and Cuttings 

Containers 

Shipping of Soil and Water Samples 
Use of Photoionizing and Flame Ionizing 
Detectors 

P 
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ATTACHMENT TWO 
IPPCD AIR MONITORING REQUIREMENTS 

RESPONSIBILITIES AND TECHNICAL SUPPORT 

I RADIOACTIVE AMBIENT AIR MONITORING PROGRAM (RAAMP) 

The RAAMP has been in operation since the early 1970's. 
consists of a network of 28 air sampling stations located on the 
RFP (Onsite Samplers), locations on the RFP perimeter (14 
Perimeter locations) and 14,samplers located in the community 
surrounding the RFP (Community samplers). 
for specific radionuclides is obtained from the samples acquired 
at these locations. The Colorado Department of Health (CDH) 
monitors a similar independent network of air samplers at RFP and 
in adjacent community locations. The scope of the RAAMP is 
environmental surveillance, reporting, and compliance. 

It 

Laboratory analysis 

. 

The RAAMP is managed through the Air Programs Group (APG) of the 
Environmental Monitoring Division (EMAD). EMAD is a division of 
the RFP Environmental Management Department. The EMAD APG 
Manager directs the RAAMP Manager in the functioning of the 
network. 
network to ensure compliance with environmental protection 
requirements contained in DOE Order 5400.1 "General Environmental 
Protection Program". 

The RAAMP Manager is responsible for maintaining the 

Specific responsibilities of the RAAMP Manager that are relevant 
to the IPPCD include the following: 

o Prepare a monthly ambient air report for inclusion in the 
RFP Monthly Environmental Monitoring Report. 

o Schedule weekly air sampler inspection, biweekly air 
sampler filter collection, required sampler maintenance, 
air sampler calibrations, and purchase supplies required 
for RAAMP air sampler operation and sample collection. 

o Scheduling the analysis of sample filters and screening 
analytical results. 

o Calculate the air sample volume data with the sampler 
calibration information. 

I1 LOCAL MONITORING OF TOTAL SUSPENDED PARTICULATE (TSP) AT 
INDIVIDUAL ACTIVITY SITES 

Monitoring of Total Suspended Particulate (TSP) at individual 
activity sites has become a part of the Environmental Restoration 
Program at RFP since implementation of the 881 Hillside Phase 1-B 
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Restoration. At the time of Phase 1-B Restoration, concerns for 
public safety voiced by CDH, EPA and the public prompted 
development of a technique for measuring suspended particulate 
concentration on real-time basis. 
slightly in the IPPCD so that Total Suspended Particulate (TSP) 
is monitored rather than RSP. 
measuring suspended particulate matter in the immediate vicinity 
of the emission source and comparing the measurements with 
trigger levels developed in each Site-Specific Health and Safety 
Plan. The trigger level concentration is established to provide 
protection for workers potentially exposed to hazardous 
contaminants in soils. This measurement versus criterion 
approach, in conjunction with other'operational constraints (wind 
speed, soil moisture content, etc.), has been applied 
successfully at the 881-Hillside Phase 1-B Restoration project. 

TSP monitoring (also referred to as llLo-Voltl air samplers) is the 
responsibility of the individual Project Manager. 
Manager can either conduct TSP monitoring himself/herself or 
delegate the function to the Site Health and Safety Coordinator 
(SHSC). Normally, the SHSC performs TSP monitoring. The SHSC is 
assigned by the RFP Safety and Hygiene Department. 

Specific responsibilities of the SHSC that are relevant to the 
IPPCD include the following: 

The technique has been refined 

The technique relies upon 

t 

The Project 

o Instrument calibration and maintenance. 

0 Performing the TSP monitoring activity. 

o Reporting monitoring results to the Project Manager and 
maintaining required documentation. 

Real-time TSP monitoring will be conducted periodically over the 
duration of activities that have the potential for producing 
appreciable quantities of suspended particulate matter bearing 
potentially hazardous substances. 
at least twice daily. Additionally, emphasis will be placed on 
obtaining measurements at times when particulate emissions are 
expected to be greatest (i.e., initiation of intrusive 
activities, removal of augers, moving of bulk soils, etc.). 

Measurements will be conducted 

111 LOCAL HIGH VOLUME AIR MONITORING AT IRA CONSTRUCTION SITES 

In cases of earth-moving activities related to IRA construction, 
the determination to use local Hi-Vol air sampling as well 
pertinent analysis, sampling duration and quality control 
requirements will be made at the pre-startup activity review. If 
the determination to employ local Hi-Vol air sampling is made, a 
representative from the EMAD APG will be assigned to the PM. APG 
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monitors meteorology and air quality for the Environmental 
Management Department. 
responsible for operation of the Hi-Vol system establishing any 
site-specific Hi-Vol monitoring and reporting air monitoring 
data. Once air monitoring samples have been analyzed and 
reduced, they will be reported to the PM. 

The APG representative will be 

When they are to be employed, Hi-Vol air samplers will be 
operational and checked before soil moving activities begin. 
Samplers will be calibrated and deemed operational by the A P G .  
Sample collection frequency; duration and analytical requirements 
will be established before soil moving activities begin. As a 
minimum, samples should be collected no less than twice monthly 
over the period of soil-moving activities. 

IV ADDITIONAL WORKER HEALTH AND SAFETY MONITORING REQUIRED BY 
THE SSH&SP 

As required by the IAG and OSHA (29 CRF 1910.120), a Site- 
Specific Health and Safety Plan is to be developed for each 
Operable Unit (OU) prior to commencement of activities. Site- 
Specific Health and Safety Plans are prepared in accordance with 
the RFP Environmental Restoration Health and Safety Program Plan 
and Workbook. CDH and EPA have reviewed and commented on the 
Health and Safety Program Plan and Workbook. Each Site-Specific 
Health and Safety Plan identifies specific worker health and 
safety monitoring requirements for the various activities 
conducted at each OU. When intrusive activities are anticipated, 
the Site-Specific Health and Safety Plan will identify any 
additional monitoring requirements in addition to those specified 
by the IPPCD. 
safety monitoring requirements for the various activities is the 
responsibility of the SHLSC. 

Implementation of specific worker health and 
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TABLE 1 . 0  

LOCAL AIR MONITORING TRIGGER LEVELS 

FOR 2 3 P P ~ ~ ~ ~ ~ ~ ~  IN SOILS 

Soil 
Activity 
pci / gram 

0.001 
0.01 
0.1 
1 
5 
10 
20 
40 
60 
80 
100 
200 
400 
600 
800 
1000 
1500 
2000 
5000 
10000 
20000 
50000 
80000 
100000 

--------- 
1.8 Rem/yr. 

TSP 

-------- 
1060500 
106050 
10605 
1061 
212 
106 
53 
27 
18 
13 
11 
5 
3 
2 

1.3 
1.1 
0.7 
0.5 
0.2 
0.1 
0.05 
0-02 

' 0.013 
0 . 011 

DAC/10 
TSP 

ms/m3 ----------- 
200000 
20000 
2000 
200 
40 
20 
10 
5 
3 
3 
2 
1 

0.5 
0.3 
0.3 
0.2 

0.13 
0.10 
0.04 
0.02 
0.01 
0.004 
0.003 
0.002 

Trigger levels are for Total Suspended Particulate matter (TSP) 
concentrations measured in the breathing zone as 8-hour, time- 
weighted averages. They are based on (1) the Derived Air 
Concentration (DAC)/lO which DOE recognizes as the criteria for 
implementing respiratory protection and (2) the RFP ALARA based 
recommended annual committed effective dose equivalent of 1.8 
Rem/year . 

Use of This Table 

1) Identify the approximate soil activity in the area where 
intrusive activities are to be conducted. 



2) Identify the corresponding DAC/10 and annual committed 
effective dose equivalent (i.e., 1.8 Rem/yr.) trigger 
levels. 
trigger the following actions: 

Those values represent TSP concentrations that 

A) Donning respiratory protection equipment: DAC/10 
threshold 

B) Stop intrusive actions and reevaluate the activities, 
conditions, and precautionary requirements 

Measure TSP breathing zone concentrations during intrusive 
activities using a Piezometric Balance, Mini-Ram, or 
comparable real-time instrument. 

3 )  

4 )  If measured TSP concentrations attain the trigger levels 
identified above , for a sustained period of time (15-30 
minutes), such that the 8-hour time-weighted average could 
be approached, follow the appropriate requirements 
identified above (A or B) and notify the Site Health ans 
Safety Coordinator, 

5) RFP ALARA practice dictates that reasonable measures be 
taken to keep exposures to radionuclides as low as 
reasonably achievable. This implies that routine dust 
control measures such as local wetting and exposure control 
mechanisms such as avoiding the leeward dust plume path 
should be considered, to the extent practicable, regardless 
of the TSP measurements. 

6 )  Environmental concentration measurements and estimates 
embody uncertainties and can vary at a given location. 
Thus, users of this table are encouraged to exercise 
conservative judgement regarding the selection of trigger 
levels. 
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HSP 6.01 
Page 1 of 11 
July 31, 1989 
Rep1 aces: 09/01/87 

EXCAVATION PERMIT 

1. SCOPE 

This practice addresses the responsibilities and required activities 
for proper use of the Excavation Permit (see Figure HSP 6.01-1) in 
order to ensure that any excavation is made in a safe and proper 
manner and that required review by all responsible personnel is 
documented. 

2. AP P t I CAT I ON 

The provisions o f  this practice apply to all excavations at Rocky 
Flats Plant, with the exception of emergencies. 
emergency, work may be started without an Excavation Permit with the 
approval of the Shift Superintendent. This work shall be documented 
and coordinated in the same manner as for a routine Excavation 
Permit, by the function performing the work, and a formal Excavation 
Permit request shall be initiated within 24 hours after the 
beginning of the emergency. 

In the case of an 

3. DEFINITIONS 

Permit Reauester 

Any responsible user who initiates an Excavation Permit (RF 46635) 
request. 

Job SuDervisor 

Operative manager o f  personnel who dig the excavation and shore, as 
requi red. 

Sol id Waste Manaaement Unit (SWMUL 

An inactive waste disposal area as defined in the Resource 
Conservation and Recovery Act (RCRA) . These areas represent known 
and unknown hazards to human health and the environment. 
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AUTHORttAnCN No: PERMIT NO: ORAWING NO: 

RESPO~SIBLE JOE SUPERVISOR: - 
OPESTOR: 
EXCAVATION C30FiOtNATOR: 

Figure HSP 6.01-1. Excavation Permit 
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E 

4.2 

RESPONS I8 I LIT I ES 

Job SuoervisorKonstruction Manaqernent [CM) Excavation Coordinator 

The Job Supervisor/CM Excavation Coordinator is responsible for the 
foll owing: 

o Ensuring that a properly completed Excavation Permit is issued 
prior to the start of any excavation, or driving of rods deeper 
than two feet. 

o Obtaining Excavation Permits for Contractors. 

o I Performing daily inspections of all plantsite excavations in 

o 

process. 

Performing pre-entry inspections of excavations which require 
shoring or other means o f  protection. 

Reviewing the map o f  SWMUs provided by Environmental 
Restoration. 
approximate and caution should be used when excavating near a 
unit. 

o 
Locations of SWMUs are to be considered 

o Submitting a sketch of drawing(s) depicting the excavation 
site, along with the Excavation Permit request to Facilities 
Engineering (PCSE) for approval. The drawing(s) shall remain 
with the Excavation Permit request through the review and 
approval process. 

H8S Area Enaineer 

The H&S Area Engineer i s  responsible for the following: 

o Setting the limits of the Excavation Permit, using input from 
permi t-coordi nat i ng activities . 

u Determining the review/signature requirements for the 
Excavation Permi t . 

o Determining, and indicating on the Excavation Permit, whether a 
survey by Radiological Operations is required. 
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4.3 Facilities EnqineerindPl ant Civil Structural Enqineerins (PCSE1 

Facilities Engineering/PCSE i s  responsible for the following: 

o Reviewing and dispositioning the Excavation Permit request and 
its accompanying documentation. 

Assigning the Excavation Permit request a control number and 
providing the permit requester and CM Excavation Coordinator 
with an updated Site Utility Drawing or sketch o f  the area. 

o 

o Accompanying the permit requester, CM Excavation Coordinator, 
and operator(s) on a walk-through of the worksite to: 

1) 
2) Discuss methods of execution. 
3) 

Visually inspect for obvious obstructions. 

Locate utilities by painting or staking their location. 

4.4 Environmental Restoration 

Environmental Restoration is responsible for  reviewing and approving 
excavations in any SWHU. 

5. WORK P.RACTICES 

5.1 s s t  

The Job Supervisor or CM Excavation Coordinator shall submit with 
the Excavation Permit request a sketch or drawing(s) depicting the 
excavation site to Facil ities Engineering/PCSE for approval. 

5.2 Noti fications 

5.2.1 Job Supervisor 

The Job Supervisor/CM Excavation Coordinator must be notified, at 
least 72 hours in advance, of all excavations prior to the start of 
the job. 

5.2 a 2 Ti re Department 

Notify the Fire Department for either of the following: 

o I f  excavations are expected to be deeper than nine feet 
(X4336) . 
In the event of fire, cave-in or medical emergency (X2911). o 
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5.4.5 

So l id  Waste Management Unit (SWMU) Notifications 

See Paragraph 5.4;.6 f o r  SWMU notif ications. 

Personal Protective EauiDment 

HSP-6.01 
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Required personal protective equipment shall  be identif ied on the 
H&S Work Permit, per HSP 6.05, “Radiological/H&S Work Permits.” 

PreDl anni nq 

U i n i u  Distance fo r  Spoil Placement 

The spoi l  from any excavation shall  be placed a minimum o f  four feet 
from at  leas t  one s ide o f  the excavation l i p .  This w i l l  allow a 
clear area f o r  rescue equipment. 

Excavating Near Security Fences 

When an excavation w i l l  be near or  pass under a security fence, 
p r io r  not i f icat ion  must be given to  Plant Protection. 
ensure that appropriate security i s  maintained at  a1 1 times. 

This shal l  

Providing Safe Access/Egress to/from Excavations Deeper than 4-Feet 

Make adequate provis ion f o r  safe access to  and egress from any 
excavation deeper than four feet. Ladders shal l  be placed to l i m i t  
travel distance t o  a maximum o f  25 feet. Use ladders o f  suff ic ient 
length t o  extend from the bottom o f  the trench to at leas t  3 feet 
above the surface o f  the ground. 

Revi ewi ng Drawl ngs/Sketches 

Review reference drawings and/or sketches provided by PCSE. 
and locations o f  obstructions 1 isted or indicated on reference 
drawings issued i n  conjunction with the permit are to  be considered 
approximate. 

Depth 

Excavating Near Known Obstructions 

Excavation should be done with extreme caution when performed within 
3 feet (horizontal and vert ical)  o f  any known obstruction. 
Exploration t o  determine the exact location and depth shal l  be 
performed near ex i s t ing  u t i l i t i e s  by probing or  by digging with 
hand- he1 d shovel s . 
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Excavating in SWMUs 

Read the description of the SWMU unit to obtain information on known 
or potential site hazards. 

1) For Non-Emeruencv Immedi ate Need Excavation in SWMUs 

Notify Environmental Restoration, Industri a1 Hygiene, and 
Radiological Operations o f  the area and need as soon as 
possible. These groups shall determine appropriate worker and 
environmental safety precautions. 

2) For Erneraencv Excavation in SWMUs 

Follow procedures for workers and environmental safety, as 
provided by Industrial Hygiene and Radiological Operations. 
Notify the Shift Superintendent. 

Excavating Wi th Heavy Equipment 

When excavation is being performed with heavy equipment, a second 
person, in addition to the operator, shall be stationed within 
viewing distance o f  the excavation to visually verify any unusual 
changes in excavation material such as clay to sand, concrete, 
locator tape, etc. 

When Utility Line Burial i s  Involved. 

If utility line burial is involved, a metallic-backed, orange- 
colored locator tape shall be installed with the utility line, in 
accordance with Faci 1 it i es Engineering requi rements . 
Noting Existing Utilities on the Site Utility Drawing 

As work progresses, the CM Excavation Coordinator shall note the 
location o f  existing utilities on the Site Utility Drawing(s), and 
whether that location differs from the drawing. All new utilities 
shall be annotated on the drawing. 

Encountering Unusual Substances 

If any unusual substances, odors, liquids or materials are 
encountered during excavation, notification shall be made to 
Environmental Restoration, Industri a1 Hygiene, and Radiological 
Operations . 
Protecting or Barricading the Excavation 

Adequately protect or  barricade the excavation at all times. 
Protection consists of physical barriers, such as covers, fencing, 
planking, railing and warning/caution signs and lights. 
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Working Near Loads or Earthmovi ng Equi pment 

Do not  work under or near loads ,  or earthmoving equipment. 

Soecial Assistance 

Encountering Buried Objects or Suspect Liquids 

Obtain Radiological Operations, Environmental Restoration, and 
Industrial Hygiene assistance if any buried objects or liquid from 
possible broken or leaking buried lines are encountered. 

Encountering Unidentified Obstructions 

When unidentified obstructions are encountered, immediately stop the 
excavation work and notify the responsible Job Supervisor or CM 
Excavation Coordinator to request assistance from Facilities 
Engineering (PCSE) to identify the obstructions. 
this input to update the Master Site Utility Drawings. 

PCSE shall use 

SHORING REQUIREMENTS 

Concurrence with OSHA Standard 

Shoring requirements shall concur with OSHA 29 CFR 1926. 

Shorinu and ShaDinq 

Unless the excavation is in solid rock, shore the sides of 
excavations five feet or more deep, or shape to the proper 
repose at any location where personnel entry is required. 

a1 1 
angle of 

Soecification 

The length of the shored or shaped work location must include the 
effective work zone, plus a safety zone equal in length to the depth 
of the trench on either side of the work zone. A trench shield may 
also be used when appropriate (see Figures HSP 6.01-2 and HSP 6.01- 
3) 



z 

- tibt' b . 0 1  
Page 8 of 11 
July 31, 1989 

3:: 
:;: 
8' 

.- 
n. 

Figure HSP 6.01-2. Approximate Angle o f  Repose for Sloping o f  Sides of 
Excavations 

Figure HSP 6.01-3. One Example of Several Types o f  Sheeting 
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6.3.1 Use o f  Trench Jacks 

Instead of wooden timbers, trench jacks may be used for shoring if 
they are used in accordance with the manufacturer’s capacity 
specifications. 

6.3.2 Plywood or Wooden Sheeting 

Plywood or other wooden sheeting shall not be less than 3/4 inch; 
piling or shoring shall not be less than necessary to support the 
side of the excavation. For additional information, see OSHA 29 CFR 
1926, Subpart P, Table P-2. 

Use- o f  Prefabricated Hoveable Trench Shield . 6.3.3 

6.4 

6.5 

6.6 

6.7 

Use of a prefabricated moveable trench shield may be substituted for 
shoring, if the specific application is approved by the H&S Area 
Engineer or the CM Excavation Cbordinator. 

Shori na an Ent i re Excavat i on 

If the entire excavation is to be shored, shore the excavation as 
the digging proceeds. 
excavation as the excavating equipment shall permit. Install 
shoring from the top down; remove shoring from the bottom up. 

Place the shoring as close to the end of the 

InsDection Freauencv and Protection Levels 

Inspect all excavations daily and especially after storms or other 
hazard-increasing occurrences; increase the protection against 
slides and cave-ins, as required. 

Insoection and Aooroval s Prior to Personnel Entrv 

Prior to the initial entry by personnel into a shored excavation, 
the CM Excavation Coordinator, a representative from Occupational 
Safety, and the HLS Area Engineer must inspect the shoring and 
shoring technique and sign off on the posted copy o f  the Excavation 
Permit. If there is a change to the excavation or shoring 
configuration as the job progresses, this inspection must be redone. 

Uodatina the Orawina When Reauired 

Upon job completion, the CM Excavation Coordinator shall provide the 
updated drawing, marked with horizontal and vertical coordinates 
locating the line(s). 
Utility Drawing. 
coordinates, the CM Excavation Coordinator shall contact PCSE for 
assistance. 

PCSE shall, in turn, update the Master Site 
If difficulty i s  encountered in locating the XYZ 
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6.8 Additional Information 

For additional information on safety for excavations and trenches, 
see OSHA 29 CFR 1926. 

7. FORMS 

RF 13010, "Work Permit" 

RF 46635, "Excavation Permit" 

8. REFERENCES 

OSHA 29 CFR..1926, "Construction Industry Standards" 

HSP 6.05, "Radiological/H&S Work Permit" 

RFP Inactive Waste Units, Reference: May, Chen and Associates 

_- - 
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7- 20-m 
Date 

Plant  Health Physicist 

77-L /* 
Oate 

Manager, Indus t t f  a1 Hygiene 

3, A, Marshal 1 
Manager, Construction Management 

A +7.s1 A 

5w; 
K.' B.-HcKinlev 
Manager, RCR4)CERLA Program 
d 

Manager, Liquid Waste Management 

# ? - n ? L  
K. F. Miller 
Manager, Fire OeBartment 

?//p//Bs 
bate 

Manager, Pi ant Proiecti on 

G. H. Serlack Date 
Manager, Envi ronnental/Heal th Programs 

7//Y/n 
Date 3 .  0. Weaver 

Manager, HS&E Area Management W 
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1. SCOPE 
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Rep1 aces : 11/15/89 

This practice establishes the requirements and responsibilities for 
issuing a Radiological/H&S Work Permit (see Figures HSP 6.05-1, 2, 
and 3). A Radiological/H&S Work Permit identifies the necessary 
precautions to be taken for the safety and health of personnel and 
the protection of property. 

2. APPLICATION 

Radiological/H&S Work Permits are required for jobs specified in 
Section 5. 

3. DEFINITIONS 

Job Suoervisor 

The immediate supervisor of the employees performing the work. 
contractor work, the Job Supervisor is the Construction Management 
(CM) Coordinator. 

For 

Resoonsi bl e User 

The supervisor who normal 1 y control s the area or equipment . 
Job Personnel 

The employees actually performing the work described on the 
Radiological/H&S Work Permit. 

4. GENERAL RESPONSIBILITIES 

4.1 Job Suoervisor 

The Job Supervisor is responsible for initiating a Radiological/H&S 
Work Permit when required, for coordinating the completion of the 
permit, for ensuring the overall safety of the job, and for 
complying with the requirements of this practice. 



I 
HEALTH & SAFETY PRACTICES 
Radiological/H&S Work Permit 

HSP 6.05 
Page 2 o f  17 
June 20, 1990 

RPT Signnun 

F i  gure HSP 6.05-1. Radi ol og i  ca l  /H&S Work Permit , Page 1 
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Figure HSP 6.05-2. Instructions for Completing Radiological/H&S Work Permit 
(on back of RF 13010) 
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FIRE AND EMERGENCY - DIAL 2911 PwZdZ 

Fi gure  HSP 6 .OS-3. Radi ol ogi  cal /H&S Work Permit , Page 2 
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Resuonsi bl e User ; 

The Responsible User must comply with these requirements and i s  
responsible for communicating to the workers any hazard that exists 
in the area. 

Job Personnel 

Job personnel shall comply with these requirements and the 
precautions specified on the H&S Work Permit. 

H&S 'Area Enaineer 

The H&S Area Engineer reviews and signs all Radiological/H&S Work 
Permits and ensures review by the H&S disciplines and the Fire 
Department, when necessary. 

Ooerations Manaser 

The Operations Manager, who is notified of all work covered by a 
Radiological/H&S Work Permit shortly before the work begins, has the 
authority to modify or ha1 t work plans. 

REQUIRED PERMITS AND REVIEW 

A Radiological/H&S Work Permit is required for the following jobs:  

Breakins the Primary Containment of a Radioactive System 

When breaking the primary containment of a radioactive system, 
except for routine work which is covered by an HAS-approved 
practice. 

Work permits for this type of work require concurrence from 
Radi ol og i cal Operat i ons . 
Work Usins Breathinq Air 

When personnel perform work using breathing air, i.e., self- 
contained or supplied air, except for work which is covered by an 
H&S-approved practice. 

Work Inside P1 enums, Ducts, G1 oveboxes 

When personnel shall be working inside plenums, ducts, or 
gloveboxes. "Working inside" is interpreted as the entire body being 
inside the duct, glovebox or plenum. In such cases, the permit must 
be reviewed and signed by the Operations Manager as the Responsible 
User. 
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5.4 

5.5 

5.6 

5.7 

5.8 

5.9 

5.10 

Work on Air-Handlins Systems, Air Stacks 

For any work on air-handling systems, including opening of exhaust 
systems, or work on air stacks, etc;, except for pre-filter changing 
of room-air exhaust ducts, heating, ventilating, and supply plenums. 

Glovebox and Hood Filter Chanqes 

For glovebox and hood filter changing. 

Work on Radioactive Sources 

For any work on radiation-producing devices or systems containing 
radioactive sources except alpha-mets and combos (combination 
hand/foot checking instruments). 

Exhaust and Plenum Filter Chanctinq 

For exhaust and recirculating plenum filter changing. 

Phvsical Chanqes to Potable Water or Process Drainacte 

For any physical changes to potable water or process drainage. 

InterruDtion of Environmental Samolers 

For interruption of environmental samplers. 

Work on Exoosed Electrical Systems 

For work on exposed electrical systems, as follows: 

o High voltage (>600 Y-AC), energized or de-energized. 

o Repair of any energized electrical system. 

o Troubleshooting, testing, or calibrating any energized electrical 
system, except when both of the following two conditions are met: 

The work is performed by one of the following crafts: 
A1 arm/Tel ecommuni cat i ons Techn i ci an; Auto Mechan i c/Veh i cl e 
Modification Mechanic (vehicles only) ; Electrician Technician; 
El ectron i cs Techni ci an ; Lineman- El ectri ci an ; El ectri ci an ; 
Qualified Support Engineers; Metrology Technicians; 

and 

The craftsperson/qual if i ed Support Engineer has been trained in 
safe work practices o f  electrical systems/equipment, is aware of 
electrical hazards and the necessary protective requirements, and 
the training i s  documented. 
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5.11 

5.12 

5.13 

5.14 

5.15 

5.16 

5.17 

5.18 

Soecified Interruotion of Electric Power 

For interruption of electric power affecting more than the piece of 
equipment being worked on, except for scheduled power outages. 

Soecified Nonroutine Hoi stinq/Risaina of Eauioment 

For nonroutine hoisting/rigging of equipment during construction or 
maintenance operations, such as gloveboxes, machinery, transformers 
or other critical equipment. 

Possibilitv of Soecified Contaminant Release 

For any job where the possibility exists for a radioactive or 
hazardous contaminant release to the outside environment, either by 
air, liquids, or solids. 

Known or Susoected Bervllium/Asbestos Contamination 

Where beryllium or asbestos contamination is known or suspected to 
be.present or would be released during the work activity, except for 
routine production operations which are covered by an H&S-approved 
practice . 
Potential for Hazard Exists 

Where a hazard is suspected to exist or could be created, such as 
work involving high pressure (greater than 15 lbs per sq. in.), high 
temperature (greater than 200'F), caustics, acids, or other 
hazardous materials per HSP 9.07, "Written Hazard Communications 
Program. " 

Temoorarv Reassignment of Eauioment 

For temporary reassignment to Maintenance of the responsi bil i ty for 
an area or piece of equipment. 

Ooeratins Mobile Cranes Outside Desiqnated Construction Area 

When operating mobile cranes outside of the designated construction 
area and near existing structures or recognized hazards, e.g., near 
overhead power lines and surfaces. 

When Reauested bv the Oriqinator of the Permit 

If requested by the originator of the permit, any employee involved 
in the preparation or execution of the job, the Job Supervisor, the 
Responsible User, an H&S Area Engineer, any H&S discipline, or the 
Fire Department. 
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Paintinq with Flamhable-Based Paints 

For any painting with flammable-based paints (see HSP/FLP 34.04). 

Soecified Ladder/Scaffold Work in a Controlled Area 

All work performed in a Controlled Area from a ladder or scaffold 
not covered by an H&S approved procedure. 

RESPONSIBILITIES AND REQUIREMENTS 

Issuance 

The Job Supervisor shall ensure that a Radiological/H&S Work Permit 
is issued when required (see Section 5). 

How to ComDlete the Radioloqical/H&S Work Permit 

Figure HSP 6.05-4 summarizes the activities in completing a 
Radiological/HLS Work Permit. 
permit are as follows: 

Section I: Job Information 

The instructions for completing the 

This section is to be completed by the Job Supervisor. 
contractor work, the Job Supervisor is the CM Coordinator. 

For 

JOB NAME: 
construction package. 

Enter the name of job as it appears on the work order or 

AUTH OR WOI: Enter the authorization or work order number. 

BLDG. and ROOM#: 
work will be performed. 

DATE, FROM, and TO: 
permit i s  valid. 

Enter the building and room number in which the 

Enter the start date and times for which the 

SCOPE OF WORK: 
performed during the duration of the permit. 
work instructions such as an "A" or "6" package, Job Safety Analysis 
(JSA) or other written instructions and submit to the HAS Area 
Engineer for review with the permit, including only that portion o f  
the work to be covered by the work permit. Specify the location of 
the worksite using established .identifiers such as column numbers, 
glovebox numbers or electrical panel numbers. Fixed Price and CPFF 
construction contracts shall not require the "A" or "8" package for 
authorization work. 
shall be determined on a case-by-case basis by the H&S Area Engineer 
and Construction Safety. 
shall be determined on a case-by-case basis by the H&S Area 
Eng i neer. 

Enter a brief description of the work to be 
Identify any related 

The JSA or written instructions requirement 

Other activities requiring a work permit 
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RESPONSIBILITY 

Job Supervisor 

Responsible User 

H&S Area Engineer 
and Radiological Operations 
Foreman* 

I I 

lJob Review with Workers I 
I Sign Section V I 

Job Supervisor 
and Job Personnel 

~ 

i 
I 
I Pre-Job Survey* I 
I I - 

I 
I 

Radiologica7 Operations 
Technol o g i s t s  

i 1 -  

I Work Begins 
I 

i Work Completed i * 
i 

I 
I 

I Post-Job Survey* 1 

Job Personnel 

Job Personnel 

Radiological Operations 
Technol ogi sts 

* Required only if working i n  an area of potential radioact ive 
contamination. 

F igure HSP 6.05-4. Flowchart for Radiological/H&S Work Permit 
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6 . 2 . 2  

6.2.2.1 

6.2.2.2 

6.2.2.3 

6.2.3 

6.2.3.1 

Section 11: Description of Hazards and Section IV 
the Job 

The Responsible User completes Sections I 1  and IV 

In Section I1 the Responsible User shall describe 
may be present in the systems on which the work w 
and in the surrounding areas. 

- Preparation for 

the hazards that 
1 1  be performed 

MATERIAL HAZARDS: Check what chemical and material hazards exist. 
Write in any other hazards that are not listed. 

ELECTRICAL HAZARDS: Check whether the subject systems will be 
energized when the work is performed. 
applicable and if a laser or microwave hazard exists. 

HIGH TEMP/HIGH PRESSURE: 
condition of the subject systems and if the system is a steam or 
hydraulic system. 

Check the voltage level if 

Indicate the temperature and pressure 

FIRE SUPPRESSION INTERRUPTION: 
area will be interrupted. 

Indicate if fire suppression in the 

OTHER HAZARDS AND PRECAUTIONS: 
precautions that do not appear elsewhere on the permit. 

Enter any other hazards and 

In Section IV the Responsible User shall answer the questions 
listed. 
Supervisor in answering the questions pertaining to lockout and 
tagout and coordination with Utilities and the Fire Department. 

After completing Sections I1 and IV, the Responsible User may sign 
Section V. The Responsible User may wait until the entire permit is 
completed before signing it. 

The Responsible User may request assistance from the Job 

Section 111: Radiological and Nonradiological Safety Requirements 

This section is to be completed by the H&S Area Engineer and, if the 
job involves possible radioactive contamination, Radiological 
Operations. Radiological Engineering review and approval is 
required for all work inside a Controlled Area, and for work 
involving radioactive materials or radiation producing devices 
outside a Controlled Area. 

The H&S Area Engineer shall review the scope of the job, determine 
if a job site review is required, and indicate so at the top of 
Section 111. 

If a job site review is required, the Job Supervisor, Responsible 
User, H&S Area Engineer and any other necessary personnel shall 
visit the job site before completing the H&S Work Permit within 24 
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6.2.3.2 

hours before the jo, is to begin. discuss the work to be 
performed and identify any hazards and safety precautions which must 
be taken. Relevant safety information from this review shall be 
entered on the work permit. 

They sha 

The H&S Area Engineer shall indicate if this job requires an "A" 
Package or a Job Safety Analysis ( S A )  based on the following 
criteria: 

'A' Packaae 

An:"A" Package is required for specified Maintenance work as 
described in Maintenance Procedure 3.4, "Maintenance Department Work 
Packages," and for the following H&S-related applications: 

o All new authorizations, addenda and Field Change Orders which 
include site preparation , construction, and instal 1 at ion. 

o Repair, replacement, modification, and/or installation work 
orders where radionuclide or hazardous contamination exist 
and/or primary containment i s breached. 

o Repairs and replacements of all mechanical and electrical items 
where systems cannot be locked out. 

o Any construction work on roofs and unguarded elevated platforms 
over 16 feet above ground or any excavations deeper than five 
feet. 

Job Safety Analysis 

A JSA consists of the basic job steps, identification of potential 
hazards, and precautions which shall be taken, per HSP 2.11, "Job 
Safety Ana'lysis." A JSA is required for contractor work meeting the 
following criteria: 

o Construction work on roofs and unguarded elevated platforms 
over 16 feet above the ground. 

o Construction work involving excavations deeper than five feet. 

o Construction work performed in a radiation Controlled Area or 
involving hazardous materials with an NFPA rating of 4. 

The H&S Area Engineer may request a JSA for any other work not 
meeting the above criteria if he/she deems it necessary to ensure 
that the job is completed safely. 
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6.2.3.3 

6.2.3.4 

6.2.3.5 

.6 ..2.3.6 

The "A" Package or i]SA shall be available for the H&S Area Engineer 
to review before the job begins. 
activities not involving activities defined in Section 5 may be 
accomplished without a work permit. 

Preparatory and post-job 

Mu1 ti pl e Work Permits 

Jobs with several unrelated hazards may require the issuance of 
multiple work permits to authorize performance of specific work 
segments. When multiple work permits are uti1 ized, the required "A" 
package or JSA shall have hold points to indicate when a work permit 
is required. 

Possible Radioactive Contamination 

If the j o b  involves possible radioactive contamination, Radiological 
Operations input and a pre-job and post-job radiation survey are 
required. The H&S Area Engineer shall indicate this requirement at 
the top of Section 111. 

The remainder o f  Section 111 shall be completed by the H&S Area 
Engineer and Radiological Operations as follows: 

PROTECTIVE APPAREL: Check the protective apparel required. 
Consider radiological , chemical, electrical, and other safety 
hazards when completing this section. 

CONTAMINATION CONTROL/VENTILATION REQUIREMENTS: 
contamination control or ventilation requirements. (Note: The need 
for a portable SAAM shall be noted on the "other" line of this 
section. ) 

Check any spec1 a1 

RESPIRATORY REQUIREMENTS: Check respirator requirements for 
radiological and chemical hazards. 

RADIOLOGICAL OPERATIONS REQUIREMENTS: Indicate if Radiological 
Operations coverage is required at the start of job only, at the 
start and at the end, on an "on call" basis, or on the job full 
time. 

DOSIMETRY REQUIREMENTS: Indicate dosimetry requirements. 

ELECTRICAL PROTECTION REQUIREMENTS: 
consult with the Job Supervisor in order to complete this section. 
Indicate electrical protection required. 

The H&S Area Engineer shal l 

RADIOLOGICAL OPERATIONS PRE-JOB SURVEY: 
Radiological Operations shall survey the work area, complete this 
section and sign. 

Before the job begins, 
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RADIOLOGICAL OPERATIONS POST-JOB SURVEY: Radiological Operations 
shall survey the area at the completion of the job, complete this 
section and sign. 

6.2.3.7 

6.2.4 

I 6.2-4*1 

6 .2 .4 .2  

6.2.4.3 

6.2.5 

6.2.5.1 

6.2.5.2 

OTHER SPECIAL REQUIREMENTS: Any safety requirements (e.g., 
scaffolding or excavation shoring) not covered by the checklists in 
this section shall be noted here. 

After completing applicable parts of Section 111, the Radiological 
Operations Foreman shall sign Section V. For those jobs requiring 
the support of Radiological Operations (RO), the RO Foreman shall 
review and sign Section V a second time, validating the work permit 
after the RPT has completed the pre-job survey, and before work 
commences. 

Section V - Approval Signatures 
The H&S Area Engineer shall review the entire permit and sign 
Section V. 

At this point, the first four sections of the Radiological/H&S Work 
Permit shall be complete except for the pre-job survey and final 
sign-off by the RO Foreman, when applicable. 
been signed by the Responsible User, the H&S Area Engineer, and when 
appl i cab1 e, the RO Foreman. 

The permit will have 

The permit shall now be reviewed and signed by the Job Supervisor 
and, if the work is to be performed by contractors, the contractor 
supervisor. 

The Job Supervisor shall notify the Operations Manager that the work 
is ready to begin and shall initial Section V. 

The Job Supervisor shall review the entire Radiological/H&S Work 
Permit with all job personnel, and shall emphasize the hazards 
(Section 11) and the safety requirements (Section 111). All job 
personnel shall sign Section V and the work may begin. Any change 
of job personnel shall require that replacement personnel be briefed 
and that they sign in Section V. 

Section VI: Permit Extension 

The actual work shall proceed during the time specified on the work 
permit. Normally, a Radiological/H&S Work Permit is issued for only 
one shift of work unless extended by overtime and/or specifically 
approved by the HAS Area Engineer. 

The H&S Area Engineer may authorize an extension of the HAS Work 
Permit under extreme circumstances after the actual work has 
started. The extension date shall be entered on the form and the 
H&S Area Engineer shall sign Section VI. Extensions for CPFF and 
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Fixed Price Authorization non-radiological work may be granted u p  t o  
seven consecutive days when the permit i s  issued, including al l  
three shifts o f  each day. 

For a l l  Radiological/H&S Work Permit extensions granted, the Job 
Supervisor i s  required t o  review the work area daily t o  ensure 
compliance w i t h  health, safety and environmental standards. The Job 
Supervisor acknowledges that  this review has been conducted by 
entering the date and his/her ini t ia ls  in the blanks provided. 
work i s  being performed on more than one shi f t ,  each Job Supervisor 
on each shi f t  shall in i t ia l .  Init ials  and dates shall be entered on 
the Job Supervisor’s white copy o f  the permit and the posted card 
copy o f  the permit. 

If 

Extensions are subject t o  cancellation by the H&S Area Engineer i f  
violations t o  the above requirements are cited. 

Changing Conditions 

I f ,  during the l i f e  o f  the permit, conditions in the j o b  area change 
or  job personnel change, a new work permit i s  not necessarily 
requi red. 

o Minor Chanqes c- 
_. 

Minor changes i n  the work permit can be made as long as these 
changes are noted on the white copy and card copy o f  the permit 
and initialed and dated by the H&S Area Engineer and the 
changes are clearly understandable a f t e r  the work permit i s  
modified. Any changes must be reviewed with the j o b  personnel. 

o New Personnel 

Similarly, any new personnel added t o  the j o b  during the l i f e  
o f  the work permit shall review the permit and sign the white 
copy and card copy o f  the permit. 

Major changes in personnel or j o b  conditions, t h a t  cannot be clearly 
indicated on the existing work permit, may dictate that  a new work 
permit be generated. 

Post-Job Survev 

I f  Radiological Operations was required on the job, a post-job 
radiation protection survey shall be performed when the j o b  i s  
completed. 
shall indicate t h a t  the area o r  item has been returned t o  the fixed 
and removable levels,  per ROI 3.1. The results must be recorded on 
the last  Radiological/H&S Work Permit issued for the j o b  (on the 
white and yellow copies of the form, as a minimum). 

Prior t o  the release o f  an area or item, the survey 
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H&S Review 

Regular Shift 

The HAS Area Engineer shall review and sign all Radiological/H&S 
Work Permits and shall coordinate additional review by other H&S 
disciplines and the Fire Department, if required. All work 
requiring work permits must be scheduled through the Plan-of-the- 
Day (POD) meeting where applicable. Ideally, all work for the 
following day should be identified at the POD and available for 
review by H&S. 

Off-Shi fts 

On off-shifts, the permit shall be reviewed and signed by the o f f -  
shift H&S Area Engineer on duty. Work scheduled for weekends shall 
be identified at the Friday POD meetings where applicable. This 
work shall be reviewed after the POD meetings and the applicable 
work permits signed by the appropriate H&S disciplines by close-of- 
business (COB) Friday. If a work permit is more than &hours old 
when the work is scheduled to commence, the Job Supervisor shall 
review the permit to assure that it addresses current conditions. 

Another alternative to weekend work is to arrange with the weekend 
"on-call" H&S Area Engineer to be available at a specific time 
during the weekend to sign the permit. 
Area Engineer is available, Radiological Operations management or 
the Shift Superintendent can review the permit and sign for the H&S 
Area Engineer. 

In the event that no H&S 

Distribution. Retention. and Postinq 

Copies of the permit shall be distributed as indicated on the form. 
Permits shall be retained permanently with the job file by the Job 
Supervisor and for 30 days after the original issue date by the 
Responsible User and Radiological Operations supervision. The card 
copy of the permit shall be posted at the job site, removed, and 
destroyed after the permit has expired. 

FORM 

RF 13010, "Radiological/H&S Work Permit" 

REFERENCES 

HSP 2.02, "Plan For ALARA" 

HSP 2.08, "Lockout/Tagout" 
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I 
HSP 24.01, "Safetx Responsibilities for Construction Contractors" 

HSP/FLP 34.04, "Application of Floor Paint and Sealer" 

Mtce 3.4, "Maintenance Work Packages" 

ROI 3.1, "Performance o f  Surface Contamination Surveys" 

1 1 

I For additional information on this practice, contact I 
I K. E. Cavin, Radiological Building Engineering, x5151, I 
L 

I 

I 
' I  I or W. R. Richardson, H&S Area Engineering, x2325. I 
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